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INTRODUCTION

Biogeographic evidence has played an historically important role in the con-
tinuing debate over Continental Drift. Although the main arguments for or
against Drift must come from geologic. considerations, the possibility that plant
and animal distributions reflect continental geography prior to episodes of Con-
tinental Drift is inherently fascinating. The distribution of characoids, a well-
defined group of primary freshwater fishes which are extremely numerous in
Africa and South America, represents perhaps the strongest zoogeographic evi-
dence corroborating the hypothesis that these two continents were once a single
land mass.

Except for their relatively recent invasion of Central America, characoid
fishes have probably always been confined to Africa and South America, where
they are old and dominant elements of the ichthyofauna (Myers, 1966). The
tremendous diversity of characoids—about 30 genera in Africa and over 250 in
South America—is indicative of great age. It should also be noted that in South
America the characoids have given rise to the gymnotoids, a group accorded
subordinal status by Greenwood and others (1966). I believe that characoids
existed before Africa and South America were separated by the last episode of
Continental Drift, although no Mesozoic characoid fossils have been found. That
the South American and African characoids have long been in isolation from
each other is evident, for of the 16 characoid families recognized by Greenwood
and his coauthors, only one of them (the Characidae) is found in both conti-
nents. The African and South American members of this family appear to rep-
resent different subfamilies. The present work is an effort to help unravel the
exceedingly complex phylogeny of characoids.

I have recently published a study of tooth formation and replacement in
characoid fishes (Roberts, 1967a). These topics had previously received rela-
tively little attention, although to anyone familiar with characoids it is evident
that trophic specialization played a major role in the evolution of the higher
categories of this group. Even among vertebrates as a whole, the diversity and
range of complexity of characoid teeth is truly astounding. The modes of tooth
formation and replacement characteristic of characoids apparently arose early in
their history and provided the main morphological basis for extensive adaptive
radiations. Valuable clues to the phylogeny of characoids often can be found by
studying the morphology of their teeth at various ontogenetic stages. Whereas
the majority of living forms have complex multicuspid teeth, it would appear
that characoids primitively had conical teeth.

In the present work descriptions and figures are given of the osteology of
five genera of characoids which have conical teeth, and an attempt is made to
understand some of the general evolutionary trends that have affected characoid
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osteology. There has been a great need for accurate morphological information
about characoids (Weitzman, 1962, pp. 7, 8). Time did not permit thorough
osteological study of as many characoids as interest alone would have dictated.
Detailed study was concentrated on the genera Hepsctus, Ctenolucius, Acestro-
rhynchus, Salminus, and Hoplias because it was felt they would provide more
useful information for understanding broad problems of characoid phylogeny
than would any other genera.

Hepsetus is phylogenetically the most isolated of all African characoids, and
its dentition appears to be primitive. (Hubbs, 1939, pointed out that Hepsetus
Swainson, 1838, antedated Sarcodaces Giinther, 1864, and indubitably pertains
to the same genus). Ctenolucius, except for its more specialized but still close
relative Boulengerella, is anatomically among the most isolated of American
characoids, and in certain respects it resembles Hepsctus. 1t has not been clear,
however, whether the resemblances between Hepsetus and Ctenolucius are due
to relationship or convergent evolution; the considerable osteological differences
between them have not hitherto been elucidated. Because of its pike-like habitus,
Acestrorhiynchus superficially resembles Hepsetus and Ctenolucius, but it is ap-
parently related to such specialized characids as Charax, Rocboides, and certain
others with rapacious conical dentition. The relationships of Acestrorfiyuchus
and this important group of predaceous characoids with each other and with
other characoids has been problematical. Salminus belongs to the family Charac-
idae and has what appears to be primitively conical dentition. Its relationships
to other members of the Characidae have not been clear. Hoplias was chosen as
a typical representative of the family Erythrinidae, a small, phylogenetically iso-
lated American family which has been considered primitive by various authors.
In numerous instances, information about additional characoids. other teleostean
groups, or Amia has been given to help illustrate osteological trends.

The differences exhibited by a few bony structures do not appear to be par-
ticularly helpful in phylogenetic analyses of characoids, at least not until data
concerning them can be gathered from a greater number of genera, and these
structures have been left out of this study. These are the otoliths, dorsal and
anal fin supports, vertebrae, and intermuscular bones. The lapillus, sagitta, and
asteriscus of Hoplias (Adams, 1940, fig. 1) are very similar to those of the
characid Brycon mecki (Weitzman, 1962, fig. 7).

In general T have had little to say about the ontogeny of characoid skeletal
parts; this is a subject which merits study. Bertmar (1959) published a detailed
description of the development of the chondrocranium in Hepsetus, and on this
basis compared the characoid chondrocranium with that of various other fishes.
Unfortunately, information about the chondrocrania of characoids other than
Hepsetus is still too meager to be used for phylogenetic analysis.
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The discussion deals more specifically with the relationships of Hepsetus,
Ctenolucins, Salminus, and Acestrorhynchus. Evolutionary trends and relation-
ships of other characoids are also considered in the light of their dentition and
osteology.

As in most groups of organisms with a complex phylogenetic history, charac-
oids present many characters with an irregular or mosaic distribution. That is,
similar characters have arisen independently in various groups of characoids.
This is particularly true of what may be termed “reduction characters’” and “loss
characters.” One such character, the incomplete lateral line (involving failure
of scales overlying the lateral line canal to form pores) has recently been dis-
cussed in detail (Roberts, 1967b). Characoid osteology offers numerous exam-
ples of loss and reduction characters which have occurred repeatedly: loss of
branchiostegal rays and epurals; fusion of circumorbital bones or their reduc-
tion to simple bony tubes enclosing a portion of the cephalic lateral line; loss of
the antorbital or its fusion with the first circumorbital to form a single bone;
reduction of multicuspid teeth to conical teeth; and loss of teeth or of entire
tooth rows. The presence of but a single postcleithrum in the pectoral girdle of
Hepsetidae and Ctenoluciidae may be due to independent loss. Much of the
faultiness in Eigenmann’s concepts of characoid genera and higher categories was
due to reliance on single characters, often loss or reduction characters, which
have tended to arise independently. It is evident from his later papers that
Eigenmann became increasingly cognizant of the difficulties involved in the use
of such characters in taxonomy.

It should be understood that the subjection of a character to loss or reduc-
tion in some lines does not preclude its usefulness in understanding relationships,
even major relationships. In most African Characidae and in the American
characid subfamilies Bryconinae and Tetragonopterinae, and in the genera
Metynnis, Myloplus, Myleus, Colossoma, and Piaractus of the subfamily Ser-
rasalminae, the mandibles usually have a pair of more or less large conical teeth
near the symphysis and internal to the external tooth row. The presence of these
teeth supports the presumed relationship of African and American characoids
that have been assigned to the family Characidae, and they are probably a primi-
tive feature. They have been lost more than once in both American and African
characids. They are absent in some species that I would definitely assign to the
genus Brycon, and may have been lost more than once in that genus.

In no way can all characters with a mosaic distribution in characoids be
ascribed to loss or reduction. Elongation of the jaws and snout, sometimes cor-
related with changes in dentition, has recurred repeatedly. Tn the extreme elon-
gation of the jaws in Ctenolucius and Belonophago, the similarities are obviously
parallelisms. Belonophago is a specialized relative of the relatively short-snouted
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ichthyborid Phago, and the Tchthyboridae (entirely African) are not directly
related to the American Ctenoluciidae. In the characids Brycon acutus, Bramo-
charax, Catabasis, and Acestrorham phus, however, it seems likely that moderate
elongation of the jaws and snout and lateral compression of the head and body
have occurred independently. At first glance all of these fishes are strikingly
similar. Their exact relationships to each other and to other American Characidae
are far from clear. Conversely, foreshortening of the jaws (sometimes correlated
with the development of relatively massive or even molariform multicuspid teeth)
probably also has occurred independently in Characidae. Increases in the num-
ber of rows of functional teeth and evolution of teeth with numerous cusps and
fan-shaped bases have also occurred several times in characoids.

The Greenwood and others (1966) familial classification of characoids has
been followed throughout this work. This classification is apparently a good
one and is in accordance with present knowledge of the characoids. On the whole
the morphological differences between the various groups of characoids recog-
nized as separate families in this classification are of sufficient magnitude as to
justify full familial rank. Other groups of teleosts, particularly among the
Percomorphi, are recognized as families on the basis of morphological distinc-
tions which T would consider less significant than those distinguishing the fami-
lies of characoids.

Greenwood and others did not define the families they recognized. A defini-
tion of the family Characidae was given by Weitzman (1962), and the families
Lebiasinidae and Erythrinidae were defined by Weitzman (1964). (In these
papers the families were assigned subfamilial rank.) Definitions of the Hephet-
idae and Ctenoluciidae, based largely on osteology, are given in the present work.
It is probable that some characoid genera will have to be transferred from one
family to another, and there is a faint possibility that some of the families (the
Characidae, for example) should be split still further. A great amount of work
remains to be done before the American subfamilies of Characidae can be under-
stood, a subject which is touched on in this paper only with regard to Salminus,
Brycon. and .lcestrorhynchus and its allies. T have not attempted to work out
subfamilies of American Characidae. Further shuffling of genera and erection
of subfamilies within the American Characidae will serve no useful purpose until
such actions are supported by morphological studies. Reasonably complete oste-
ological studies of certain key genera would be very useful.

Greenwood and others did not discuss the phylogeny or interrelationships of
the fish families recognized by them. Weitzman, who was primarily responsible
for the section dealing with characoids, has stated (personal communication)
that the order in which the families were listed (pp. 395-396) was in part in-
tended to indicate relationships. Thus Hepsetidae and Ctenoluciidae, which he
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regarded as probably related, were listed together. Greenwood and others did not
indicate the principal genera or even the subfamilies which they would assign to
the various families. This will not be a source of confusion to workers familiar
with characoids, for all of the families excepting Characidae represent relatively
small, discrete groups of fishes which are readily recognizable. The reader is
referred to Weitzman (1960a, p. 218, footnote 1) for a list of the subfamilies
tentatively assigned to the Characidae.

Weitzman (1962, pp. 8, 9) summarized the literature on characoid osteology.
For various reasons cited by him—inaccuracy, superficial treatment, or ill-ad-
vised choice of subjects for investigation—most of this literature provides little
useful information for considerations of characoid phylogeny. By far the most
useful papers on characoid osteology are those by Sagemehl (1885), Regan
(1911), and Weitzman (1954, 1962, 1964). Papers dealing with characoid oste-
ology that have appeared subsequent to Weitzman (1962) are Géry (1963a,
1963b, 1963c), Weitzman (1964), Alexander (1965), and Roberts (1966).

At the beginning of my research on characoids I believed that information
for analysis of their phylogeny could be more readily gained from comparative
osteological studies than by any other approach. Judging from the resurgence
of studies of this kind, it is evident that similar feelings are shared by ichthyol-
ogists concerned with other groups of bony fishes. There still are major groups
of teleosts for which osteological information is scanty, and many genera of pre-
sumably phylogenetic importance for which it is wanting entirely.

The usual approach in studies on fish osteology, and one that [ have gener-
ally followed, is to treat the skeleton as a relatively static system without regard
to the considerable ontogenetic changes that sometimes occur in it. A notable
exception to this tendency is the recent paper by Berry (1964) on the develop-
ment of teleostean upper jaw bones. I have studied ontogenetic skeletal changes
in a few instances with rewarding results. In studies on characoid dentition, of
course, ontogenetic changes are of primary importance. I suspect that develop-
mental information about skeletal features will be useful in working out charac-
oid phylogeny, but that the most useful information of this kind will come from
the teeth, which reflect in their ontogeny much concerning characoid relation-
ships.

The work on osteology presented herein is incomplete in that the relation-
ships of the bones to cartilage, nerves, muscles, ligaments, and other soft struc-
tures have not been taken consistently into consideration. Ideally bones should
not be studied as isolated structures, although this is the course generally fol-
lowed by students of fish osteology. Much of teleostean phylogeny has involved
considerable changes in bony structures, and these changes often cannot be
properly understood without reference to other structures. One is also faced
with the manifold problems of functional anatomy. The few observations we
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have on the functional anatomy of characoids are mostly to be found in a re-
cent paper by Alexander (1965). Further work of this kind is needed, prefer-
ably at the experimental level with living fishes. The technical difficulties in
experimenting with live fishes present challenges worthy of ingenious experi-
menters. Much, of course, can be done to understand functional anatomy of
fishes through purely anatomical study when live specimens are unavailable, as
evidenced by the study of the feeding mechanism of the deep-sea fish Chauliodus
sloani by Tchernavin (1953). Such studies add greatly to our understanding of
the biology of fishes, and they may also be extremely illuminating for the stu-
dent of phylogeny. Foremost among the problems of functional anatomy to be
tackled in characoids are those involving feeding, since trophic specialization has
played a major role in their adaptive radiation. These studies must be correlated
with observations on the feeding behavior, foraging locations and types of food
taken. For the majority of characoids such information is scanty or non-existent:
too often information concerning food habits is untrustworthy or anecdotal.

METHODS AND MATERIALS

As indicated in the introduction, it has not been my intention to give com-
plete osteological accounts of Salminus, Hepsetus, Hoplias, Ctenolucius, and
Acestrorhynchus. For a relatively complete account of the osteology of a gen-
eralized characoid fish, the reader is referred to Weitzman (1962). Studies on
the nerves and blood vessels were not carried out to complement the present
study of the bones, and until more is known about these structures it seems un-
wise to identify cranial foramina in characoids by tenuously extrapolating from
what is known about other fishes. The decision to omit the otoliths, vertebrae
exclusive of the Weberian apparatus, intermuscular bones, and endoskeletal sup-
ports of the dorsal and anal fins was not entirely arbitrary. After preliminary
studies of these structures it seemed that they offered relatively little insight
into the major problems of phylogeny under consideration. This should not be
construed to mean that studies of these structures will fail to provide fresh in-
sights into other groups of characoids. The otoliths and other structures may
possess instructive features which have been overlooked, so that they should not
invariably be excluded from consideration in future studies of characoids. The
exceptionally well developed zygapophyses on the abdominal vertebrae in mem-
bers of the family Cynodontidae are worthy of further study.

In the present study major attention has been focused on osteological fea-
tures which seem to be of greatest phylogenetic and taxonomic significance. Thus
there are extensive descriptions of the lateral margin of the cranial roof, of the
dilator groove, of the circumorbital bones and their articulation to the skull, and
of the relationship of the maxillary bone to the anterior infraorbital bones. Cer-
tain modifications of these structures are evidently phylogenetically and func-
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tionally interrelated: [ feel that understanding the nature and interrelations of
the changes that have occurred in various groups of characoids will provide sig-
nificant phylogenetic insights.

The osteological terminology used in this paper, with two exceptions, is iden-
tical with that of Weitzman (1962). The exceptions are the use of “vomer” and
“intercalar” in place of “prevomer” and ‘“opisthotic.” These changes have been
recommended by Weitzman (personal communication).

Specimens of Hepsetus, Ctenolucius, Acestrorhynchus, Salminus, and Hoplias
were prepared for osteological study by macerating and staining them in alizarin—
potassium hydroxide solution and then clearing them in glycerin. In certain
instances it was found useful after such treatment to dissect the non-bony tissue
from a specimen and then return it to the alizarin—potassium hydroxide solution
to pick up more stain. All illustrations were prepared from specimens in glycerin
using a Wild microscope with camera lucida attachment. In addition to alizarin-
stained material in glycerin, I found dried or alcoholic skeletal material easier
to handle and extremely useful for quick reference if studied with discretion.

All of the study material is housed in the Division of Systematic Biology at
Stanford University, except for the specimen of Piaractus nigripinnis, which was
borrowed from the Department of Ichthyology of the California Academy of
Sciences. Except when stated otherwise, the material represents alizarin prepara-
tions kept in glycerin. The lengths given in millimeters are standard lengths.
In some instances an approximation of the standard length was determined from
dried skeletal material.

The following skeletal material was examined:

Acestrorkynchus species: SU 59027, two specimens 50 and 57 mm. Brazil,
Rio Negro at Cucuhy, at Colombian border, 14 February 1925, Carl Ternetz.—
SU 39269, two specimens 44 and 58 mm. Brazil, Amazon at Teffé, 1865, L.
Agassiz (note: all of my osteological figures of Aecestrorhynchus are based on
the smaller of these two specimens. Mr. Naercio Menezes has identified a speci-
men from the same series as belonging to a new species which is close to A.
nasutus) —SU 2241, approximately 160 mm., dry skeleton. Brazil, C. F. Hartt.

Alestes baremose: uncataloged, three specimens 53-56 mm. Ghana, Volta
River, 1963, T. Roberts.

Alestes grandisquamis (Boulenger): SU 48084, approximately 220 mm. Bel-
gian Congo, Faradje, 1909-1915, American Museum of Natural History Congo
Expedition.

Alestes imberi Peters: SU 36028, incomplete alcoholic skeleton prepared by
G. S. Myers, total length of cranium 20 mm. Congo River.

Alestes liebrechtsii Boulenger: SU 48083, approximately 280 mm., dry skele-
ton. Belgian Congo, Faradje, 1909-1915, American Museum of Natural History
Congo Expedition,
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Anostomus species: uncataloged, aquarium specimen 47.8 mm.

Boulengerella cuvieri (Agassiz): SU 51052, one nearly complete dry skele-
ton and a partially disarticulated cranium, total cranial lengths 54 and 70 mm.
Brazil, Amazon at Belém-do-Para, 1911, E. C. Starks.

Brycon oligolepis Regan: SU 48082, approximately 170 mm., dry skeleton
prepared by G. S. Myers. Colombia, Rio Dagua, 1913, C. H. Eigenmann.

Chalceus erythrurus (Cope): SU 36871, 80 mm., stained and dissected cra-
nium in alcohol. Peru, Tuye Cano near Pebas, 28 August 1936, W. G. Scherer.

Chilodus species: uncataloged, two aquarium specimens, 47 and 57 mm.

Citharinus congicus Boulenger: SU 51054, approximately 232 mm., dry
skeleton. Belgian Congo, Congo River at Stanleyville Falls, 1909-1915, Ameri-
can Museum of Natural History Congo Expedition.

Congocharax olbrechtsi Poll: SU 63378, 22.5 mm. Congo (Leo), Ikabo
River about 60 km. south of Coquilhatville, 8 August 1964, T. Roberts.

Ctenolucius hujeta (Valenciennes): SU 50392, two specimens 100 and 111
mm. Colombia, Magdalena hasin, at or near the junction of the Rio Samana and
the Rio La Miel, near La Dorada, 27 February 1957, Gen. T. D. White and Col.
J. N. Reynolds.

Curimatus isognathus Eigenmann and Eigenmann: SU 54034, dry skeleton
approximately 110 mmm. Brazil, C. I'. Hartt.

Distichodus fasciolatus Boulenger: SU 35095, approximately 435 mm., dry
skeleton. Belgian Congo, Faradje, 19091915, American Museum of Natural
History Congo Expedition—Uncataloged, two specimens 14 and 18 mm.
Congo, Congo River at Leopoldville, 9 November 1963, T. Roberts.

Hepsetus odoe (Bloch): uncataloged, two specimens 19 and 22.5 mm.
Ghana, Tano River at Elubo, 25-30 June 1963, T. Roberts—SU 47717, 42 mm.
Cameroun, Lokunje River near Bipindi, 10-14 February 1963, Rev. A. 1. Good.
—SU 15770, 58.5 mm. Cameroun, Asok River (Mboto basin), Rev. A. I. Good.
—SU 47568, 94 mm. Cameroun, Mfiande and Seng Rivers, Ntem or Campo
basin, November-December 1935, Rev. A. 1. Good.—Uncataloged, approxi-
mately 200 mm., dry skeleton. Ghana, Ofin River near Dunkwa, May 1963, J.
Emomidue.

1loplias species: SU 53784, 20 mm. Colombia, Cordillera Macarena, Rio
Guayabero below El Refugio, 24 February 1960, Gen. T. D. White and G. S.
Myers.—Uncataloged, four specimens 36.5-58 mm. Venezuela, Rio Puctual,
Rio Aragua basin, F. I'. Bond.—SU 59466, 70 mm. Peru, Rio Ambiyacu, 4 Sep-
tember 1940, W. G. Scherer.—SU 3106, dry skeleton, total cranial length 31 mm.
Brazil, Rio Tocantins at Marajo, C. F. Hartt.

Hydrocynus lineatus Bleeker: SU 48081, approximately 180 mm.. dry skele-
ton. Belgian Congo, Congo River at Stanley Falls, 1909-1915. American Mu-
seum of Natural History Congo Expedition.
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I ydrocynus species: uncataloged, several specimens about 20-30 mm.,
Ghana, Volta River at Amedica, 8-9 March 1963, T. Roberts.

Hydrolycus pectoralis (Glinther): SU 48087, approximately 171 mm., dry
skeleton. Brazil, mouth of Rio Madeira, Amazon basin, 1911, F. Baker and
W. M. Mann.

ITguanodectes spilurus (Glinther): uncataloged, aquarium specimen perhaps
75 mm., which disintegrated in potassium hydroxide after preliminary examina-
tion.

Leporinus fasciatus (Bloch): SU 22066, incomplete dry skeleton, cranium
40.5 mm. in total length. Brazil, Amazon at Belém-do-Para, 1911, E. C. Starks.

Mesoborus crocodilus Pellegrin: SU 51055, approximately 228 mm., dry
skeleton. Belgian Congo, Poko, 1909-1915, American Museum of Natural His-
tory Congo Expedition.

Micralestes occidentalis (Gunther): SU 62846, numerous specimens 40-60
mm. Ghana, Birrim River near Kade, 31 December 1962, T. Roberts.

M yvlossoma species: SU 48085, approximately 115 mm., dry skeleton. Brazil,
Rio Madeira.

Phenacogrammus interruptus (Boulenger): SU 64556, 40 mm. Congo, Congo
River at Leopoldville, 9 November 1963, T. Roberts.

Piaractus nigripinnis (Cope): CAS 24031, 528 mm., dry skeleton prepared
by J. D. Hopkirk. Brazil, Amazon.

Rhaphiodon vulpinus Agassiz: SU 48086, approximately 260 mm., dry
skeleton. Brazil, Amazon at Belém-do-Para, 1911, E. C. Starks.

Roeboides guatemalensis (Gunther): SU 24757, four specimens 33—58 mm.
Panama, Gatun Lake, 23 March 1930, Zschokke and Blackwelder.

Salminus brasiliensis (Cuvier): SU 31615, 212 mm. Buenos Aires, A. W.
Herre. Originally an alizarin preparation in glycerin, transferred to alcohol after
defleshing by hand.

Schizodon fasciatns (Spix): SU 36938, 47 mm. Peru, Shansho Cano near
Pebas, 28 July 1937, W. G. Scherer.

Serrasalmus “ piraya” (probably S. nattereri Kner): SU 2350, approximately
120 mm. Brazil, lower Amazon, C. F. Hartt.

NXenocharax spilurus Glinther: SU 64472, 40 mm. Congo, Congo River at
Coquilhatville, 9 August 1964, T. Roberts.

The sequence in which the figures are presented and the layout of the sub-
ject matter in the figures, with minor modifications, is the same as in the works
on characoid osteology by Weitzman (1954, 1962, 1964) and Roberts (1966).
Unless stated otherwise in the legends, the figures of each species are based on
a single specimen, as follows:

Hepsetus odoe: SU 47568, 94 mm.

Ctenolucius hujeta: SU 50392, 100 mm.
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Hoplias species: uncataloged, 58 mm.
Salminus brasiliensis: SU 31615, 212 mm.
Acestroriynchus species: SU 39269, 44 mm.

OBSERVATIONS
CRANIUM

Ernmom reEGION. In most teleosts, as noted by Sagemehl (1885, pp. 30—
31), the ethmoid bone is restricted to the skull roof, whereas in characoids it
generally also takes part in forming the internasal septum and has a posterior
portion underlying the anterior part of the frontal bones.

In primitive or generalized characoids and also in some highly specialized
ones (including Hepsetus, Ctenolucius, Hoplias, Salminus, and Acestrorkynchus)
the ethmoid bone ends anteriorly in a well developed conic process or spine which
projects between the paired premaxillaries to the tip of the snout or almost to
the tip, thus entirely or largely preventing the premaxillaries from contacting
each other in the midline. Judging from the genera having an anterior ethmoid
spine and from its usual association with generalized jaw structure, it is a primi-
tive feature of characoids.

In Hoplias the premaxillaries are entirely prevented from contacting each
other by the ethmoid spine, which extends to the very tip of the snout. Accord-
ing to Starks (1926, p. 159) the premaxillaries do come in contact anterior to
the ethmoid spine in Hoplias malabaricus:; 1 have, however, re-examined the 36-
mm. skull of Hoplias malabaricus (cataloged as SU 3106) that Starks studied.
The premaxillaries have been separated from the cranium in this specimen, and
were presumably separate at the time of Stark’s examination. After placing them
in position it is evident that normally theyv would have been not at all or perhaps
just barely in contact anterior to the ethmoid spine. In Hepsetus and Cteno-
lucius, on the other hand, although the ethmoid spine is notably elongate it does
not reach the snout-tip, which is formed by the premaxillaries, and the premaxil-
laries meet in the midline for a considerable distance anterior to the ethmoid
spine (figs. 6, 7). In many specialized characoids the ethmoid spine is wanting.
In such instances the premaxillaries usually meet in the midline and are liga-
mentously or suturally united.

Hoplias, Salminus, and Acestrorhynchus have a lateral ethmoid wing (as in
Brycon) to which the upper limb of the maxillary bone is ligamentously attached.
This lateral wing is absent in Hepsetus and Ctenolucius.

Ventrally the characoid ethmoid bone articulates with the vomer, which in
turn articulates with the anterior shaft of the parasphenoid bone. In Hoplias,
Salminus, and Ctenolucius the ethmoid and the vomer unite by a more or less
straight, transverse suture: in Hepsetus and large specimens of Acestrovkynchus,
however, the suture between these two bones is strongly interdigitating.
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In many characoids the anterior ends of the ectopterygoids are attached by
slender ligaments to the ventral surface of the vomer. In Ilepsetus the sides of
the vomer where these ligaments attach are deeply excavated (fig. 16). In
Ctenolucins, in contrast, the ligaments attach to a pair of slight, rounded promi-
nences on the posteroventral surface of the vomer (fig. 17).

RuiNospHENOID. The rhinosphenoid is a plate-like median bone in the in-
terorbital septum in some characoids. Its anterior portion lies between the
paired lateral ethmoids; its posterior portion extends nearly to the orbitosphe-
noid, and may contact the latter bone in some instances. This bone has not been
reported in any other group of fishes (Weitzman, 1962, p. 44). Within the
characoids its occurrence is apparently restricted to the family Cynodontidae
(verified in Rhaphiodon and Hvdrolvcus), and to American members of the
family Characidae in which the portion of the parasphenoid lying ventromedially
to the orbits is remote from the orbitosphenoid bone. The orbitosphenoid is in
more or less intimate contact with the parasphenoid in minnows, catfishes, and
many non-characid characoids, including Erythrinidae, Anostomidae, Lebiasin-
idae, Hepsetidae, and Ctenoluciidae, as well as in the primitive characid Sal-
minus. ‘This condition is undoubtedly primitive for characoids.

In Hepsetus the entire ventral edge of the orbitosphenoid lies on the para-
sphenoid and the parasphenoid has a dorsally-projecting process sutured to the
posteroventral portion of the orbitosphenoid (fig. 11). In Salminus the orbito-
sphenoid is in contact with the parasphenoid by a narrow endochondral joint
and the rhinosphenoid is absent. Nevertheless, the orbitosphenoid and para-
sphenoid are fairly widely separated for most of their lengths (fig. 14). In this
respect Salminus is intermediate between, on the one hand, primitive characoids
lacking the rhinosphenoid (in which the orbitosphenoid and parasphenoid are
usually intimately connected) and, on the other hand, some of the more special-
ized Characidae with a rhinosphenoid (in which the orbitosphenoid and para-
sphenoid are remote from each other). Roeboides guatemalensis, Iguanodectes,
and Acestrorhynchus (fig. 15) have very large rhinosphenoids.

ParaspHENOID, In most characoids the portion of the parasphenoid ventro-
medial to the orbits is straight, but in many members of the family Characidae,
including Alestes and Brycon, it is more or less strongly depressed ventralwards.
This is apparently a specialized feature. Salminus is somewhat intermediate in
this respect between most characids and primitive characoids, such as Hepsetus
and Lrythrinus, in which the parasphenoid is straight for its entire length.

In Hoplias and Hepsetus, and in some specialized characoids, there is a me-
dian ridge projecting ventrally from the parasphenoid, extending from the lat-
eral wings of the parasphenoid anteriorly to the point where the parasphenoid
meets the vomer. This ridge is reduced or entirely absent in a few specialized
characoids (e.g., Mesoborus). 1t is not present in the minnow Opsariichthys.
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In Hepsetus and Leporinus it is continuous with a ridge extending on the ven-
tral surface of the vomer.

CRANIAL SCULPTURING. Sagemehl (1885) was particularly impressed by the
similar sculpturing of cranial roofing bones in Hepsetus, Ervthrinus, and Amia,
and Gregory and Conrad (1938) noted cranial sculpturing in foplias, Cteno-
lucius, and Hepsetus. The cranial roofing bones are highly sculptured in still
other characoids, including Piaractus, Salminus, and Phago. 1In all of these
fishes the jaw bones, circumorbital and opercular series of bones, pterotics,
parietals, frontals, and even the ethmoid bone bear numerous striae and sulci, or
ridges and grooves, on their exposed surfaces. The striae tend to lie parallel on
elongate bones like the jaws and frontals, but are more irregularly arranged on
some of the other hones.

In characins, as well as catfishes with sculptured cranial bones. the integu-
ment covering the skull is usually very thin, as in /mia. The thickness of the
skin overlying the skull bones varies considerably in characoids, in some in-
stances even between closely related species. According to Monod (1950, p. 47),
two groups of Alestes can be distinguished partly on the basis of the relative
thickness of their cranial integument. He cited A. dentex and .. baremose,
which have a very thin integument, and . nurse and . macrole pidotus, which
have a very thick, fatty integument. In this instance the thin cranial integument
is not accompanied by cranial sculpturing.

Cranial sculpturing seems to be characteristic of many large ostariophysans,
including large catostomids, minnows (especially carp types), and catfishes, as
well as characoids. It has probably arisen independently in diverse groups of
characoids.

CRANIAL FONTANELS. As Regan (1911, p. 17) stated, the presence or ab-
sence of fontanels in [adult]| characoids is probably sometimes a primitive fea-
ture, sometimes not. Regan regarded the condition of the fontanels as of negli-
gible taxonomic importance and cited a number of characoids with closed fonta-
nels which are closely related to species in which the fontanels remain open.
Fontanels are apparently present in the young of all characoids. As noted by
Regan, the fontanels are usually closed in the adults of characoids which have
a dorsally flattened cranium and low occipital crest. Hepsetus, Ctenolucius, and
Hoplias fall in this category. Sagemehl (1885) regarded the absence of cranial
fontanels in Hepsetus and Erythrinus as a primitive feature. The fontanels in
a 212-mm. specimen of Salminus are narrow and the anterior fontanel ends
slightly anterior to the epiphyseal bar which separates it from the posterior fon-
tanel (fig. 9). In very large specimens of Salminus the fontanels are lacking.
In Acestrorkynchus the cranial fontanels persist in the adults and are rather
large (fig. 10).

ErrpuyseaL Bar. The epiphyseal bar serves for attachment of the epiphysis.
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In characoids with a longitudinal dorsal cranial fissure it separates the anterior
and posterior fontanels from each other. The epiphyseal bar is probably a de-
velopmental feature of all characoids, including those in which the cranium be-
comes completely roofed over. It has been described in the developing chondro-
cranium of Hepsetus by Bertmar (1959). The epiphyseal bar usually becomes
ossified in characoids, at least in those with cranial fontanels. According to
Sagemehl (1885), it remains cartilaginous in Hoplerythrinus unitaeniatus and
Citharinus geoffroyi. 1 find it well ossified in a large specimen of Citharinus
congicus (SU 51054). In many primitive or generalized characoids, including
Salminus, Hepsetus, H{oplias, and Brvcon (Weitzman, 1962, fig. 2, p. 58), and
also in Distichodus, Curimatus, and Acestrorhvnchus (fig. 10), the epiphyseal
bar is represented in adults by a narrow osseous span across the longitudinal
cranial fissure. In some specialized characoids, however, including Serrasalmus,
Mylossoma, Rhaphiodon, and 11 vdrolycus, and also in the gymnotoid Sternopy-
gus, the transverse bony bar separating the anterior and posterior fontanels is
notably wider. This widening is apparently due to an encroachment of dermal
ossification from the frontal bone onto the original endochondral ossification of
the epiphyseal bar, and should be regarded as a specialization.

In a large specimen of fepsctus in which the cranial fontanels are completely
roofed over by the frontal and parietal bones, the epiphyseal bar is represented
by a narrow, bony, transverse ridge on the ventral surface of the frontal bones
inside the cranial cavity. In Hoplias, on the other hand, the ventral intracranial
surface of the frontal bones is smooth in the corresponding region, and there is
no indication of an ossified epiphyseal bar in a relatively small specimen in
which the fontanels have become closed.

LLATERAL MARGIN OF THE CRANTAL ROOF. A flattened or slightly vaulted
cranial roof in which the dorsolateral margin is more or less straight, as in
Erythrinidae, Hepsetidae, and Ctenoluciidae, is probably a primitive feature of
characoids. This condition is approached in Salminus. In Brycon, as in most
characoids, the evenness of the dorsolateral margin of the skull is broken by the
dilator groove. Many of the deeper-bodied characoids, such as Citharinus and
Serrasalimus, are characterized by broad-based, laterally projecting processes of
the frontal bone, which form part of the posterior wall of the orbit, and by ex-
tension of the dilator groove onto the dorsal portion of the skull. There is a
very general tendency in specialized characoids for the cranial roof to be highly
vaulted and for the frontal bone to have lateral processes or fossae interrupting
the even contour of the dorsolateral skull margin (Sagemehl, 1885, p. 28).

SPHENOTIC BONE AND DILATOR GROOVE. As observed by Sagemehl (1885, p.
32), in most characoids a well developed fossa extends from the sphenotic spine
onto the skull roof. This fossa, known as the dilator groove, serves for attach-
ment of the m. dilator operculi. Sagemehl stated that it is not developed in
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Hepsetus and in the Erythrinidae, and that it is but weakly developed in
Anacyrtus [= Charax|. Sagemehl’s comments on the sphenotic bone and dilator
groove seem important enough to be reproduced here (with minor paraphrasing):

The characoid sphenotic has approximately the form of a three-sided pyra-
mid, the anterior and dorsal surfaces of which are directed laterally and ventrally
and against the orbit. The dorsal surfaces of the sphenotic, which in Amia takes
part in the formation of the skull roof and bears the characteristic sculpturing
of the membrane bones of the cranial roof, has moved deeply beneath the sur-
face of the skull. This displacement has been conditioned by the differentiation
of a new muscle out of the common mass of the original m. levator palatii, the
m. dilator operculi. This muscle is lacking in Amia and in the rest of the bony
ganoids. In most characoids and in the majority of bony fishes it takes its origin
from the dorsal surface of the sphenotic and the part of the frontal bordering
the sphenaotic. It is strongly developed in most characoids, and has a separate
muscle fossa which is enclosed anteriorly and medially by sharp rims and which
occupies the entire dorsal surface of the sphenotic process. The genera Hoplery-
thrinus and Hoplias | Sagemehl’s Ervthrinus and Macrodon| deviate from other
characoids in that the m. dilator operculi takes its origin only in the orbit, and
in order to reach the dorsoanterior edge of the opercle it passes through a short
but wide canal which arises by a separating from each other of the sphenotic
and of the overlying frontal. In Hepsetus, on the other hand, there is only a
slight indentation between the frontal and the posterior part of the sphenotic
(Sagemehl, pp. 61, 62).

According to Allis (1897, pp. 557-558), the m. dilator operculi is present as
a separate muscle in Amia. 1t lies above and in close contact with the m. levator
arcus palatini, but has no connection with the latter except at its origin. It
arises from the entire lateral edge of the pterotic | = squamosal of Allis] back as
far as the upper end of the preopercle, and from the sphenotic spine [= post-
orbital process| behind and above the origin of the m. lcavator arcus palatini.
The surface of origin of the two muscles at this place is continuous, but the
muscles themselves are markedly distinct and separate.

The conditions for the insertion of the m. dilator operculi in Erythrinidae
are peculiar, and it is not clear whether this insertion is primitive or specialized.
A similar canal between the sphenotic and frontal bones is present in Ctenolucius
and Boulengerella, and presumably it has the same significance as in Erythrin-
idae. In Erythrinidae and Ctenoluciidae the sphenotic spine is very small. In
Erythrinidae it does not extend beyond the lateral margin of the skull at all. In
Ctenoluciidae it extends beyond the lateral margin slightly, but is relatively
much smaller than in Hepsetus and most other characoids.

1t is perhaps incorrect to say that a dilator groove is lacking in Hepsetus.
As noted by Sagemehl, there is an indentation between the frontal and the pos-
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terior portion of the sphenotic; the recess formed there is moderately deep and
is equivalent to the dilator groove. A similar but deeper dilator groove is pres-
ent in Leporinus.

The form of the dilator groove in Brycon is typical of that found in Charac-
idae. The frontal is strongly indented where it overlies the sphenotic and the
indentation provides a sharp dorsal rim for the dilator groove. The dilator
groove is roofed over by the sixth infraorbital. The dilator groove in :lestes and
H ydrocynus is similar to that in Brycon.

In Salminus the dilator groove is exceptionally long and extends on the ven-
tral surface of the frontal anteriorly to the middle of the orbital roof (fig. 19).
This unusual condition is not met with in any other characid I have examined.
One consequence of this condition is that the lateral margin of the skull of
Salminus is straighter and perhaps more primitive in this respect than it is in
characids in which the dorsal surface of the skull has been invaded by the dilator
groove.

In Acestrorhynchus there is a large passageway between the sphenotic and
the frontal. The sphenotic spine extends far laterad to the lateral edge of the
frontal except for a strut-like process fron the frontal which forms a bridge out
to the tip of the sphenotic spine, with which it fuses (fig. 10). The passageway
or canal thus formed differs somewhat in appearance from the sphenotic—frontal
canals in Erythrinidae and Ctenoluciidae but may be similar in function to the
latter structures.

In Citharinus and Distichodus the dilator groove is broad and deep, and
extends far onto the skull roof. The frontal wing serving as the anterior shelf
of the dilator groove projects prominently from the side of the skull as a broadly
based triangular spine unconnected to the sphenotic spine. This condition is
probably highly specialized. In Serrasalmus the dilator goove is similar to that
in Citharinus but the sphenotic spine extends strut-like to the tip of the cor-
responding frontal spine with which it fuses to form a broad canal or passage
opening into the orbit.

In Rhaphiodon there is a peculiar fossa in the roof of the orbit which origi-
nates in front of the base of the sphenotic spine and ends anteriorly in a recess
between the orbitosphenoid and the frontal bones. Hydrolycus has a similar
groove except that is is shorter and broadly open anteriorly. These structures are
probably dilator grooves.

Parierar BoNEs. The most primitive condition of the parietal bones in
characoids is probably found in the Erythrinidae, Ctenoluciidae, and Hepsetidae.
In adults of these families the median edges of the left and right parietals meet
in the midline and are suturally united for their entire lengths. Thus the pos-
terior portion of the cranial fontanel is closed, and the supraoccipital bone is
excluded from the roof of the skull and from the posterior cranial margin. Two
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additional primitive features are associated with these conditions. First, the
left and right supratemporal branches of the cephalic lateral line (which are
enclosed in transverse bony canals near the posterior margins of the parietal
bones) meet each other in the dorsal midline, where they open to the surface
through a common median pore. Second. the origin of the scale rows on the
dorsal surface of the body is not interrupted by the supraoccipital crest, but is
parallel with the posterior margin of the parietals. The forward edges of the
anteriormost scales in the dorsal scale rows insert in a groove in the parietal
bones which lie immediately ventral to the posterior margin of the cranial roof.

SUPRAOCCIPITAL BONE. In most characoids the median supraoccipital bone
forms the posterior border of the frontal fontanel and has a dorsal groove, the
supraoccipital sulcus, extending from the posterior edge of the fontanel to near
the tip of the supraoccipital spine. As remarked by Sagemehl (1885, p. 28) the
supraoccipital spine attains larger sizes in characoids than in any other of the
lower teleosts. The deep-bodied pacus of the genus A/ yleus have a notably large
supraoccipital spine. According to Alexander (1965, p. 176), it provides a firm
origin for the high dorsal epaxial muscles, and its base has lengthened and ex-
tends further forward on the skull than in generalized characoids in order to be
strong enough to withstand the torques applied to it by the alternate contrac-
tion of the contralateral muscles. The supraoccipital spine is similarly modified
in some other deep-bodied characoids including Citharinus.

As noted by Sagemehl (1885, p. 46), the supraoccipital spine in Erythrinidae
and in Hepsetus is considerably smaller than is usual for characoids. This is
also true of Ctenolucins. In adults of these fishes the supraoccipital bone does
not form the posterior border of the cranial fontanel, since there is no cranial
fontanel, and there is no indication whatever of a dorsal supraoccipital sulcus.
It may be noted that the supraoccipital spine and sulcus are well developed in
both A7esoborus and I ydrocynus. In adults of these genera the cranial fontanel
is completely closed, but they both are clearly descended from fishes in which
the fontanels were present.

Weitzman (personal communication) suggests that perhaps no major
phyletic significance can be attached to the crest, it just being a function of
body shape. In general, cylindrical characoids (e.g., lebiasinids and erythrinids)
have a short supraoccipital crest. deep-bodied ones a prominent crest.

NOTE ON SQUAMATION ON THE HEAD. The presence or absence of scales on
the head is a taxonomically important character at various levels in the classifi-
cation of fishes. In characoids and cyprinids squamation never extends onto the
head; in other words, the cranial roof and the facial bones of the skull are devoid
of scales in all characins and minnows (in this connection it is interesting that
the body plates of some catfishes, which may or may not be derived from scales,
never extend onto the head). Some cobitids have head scales, a strange special-
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ization for an ostariophysan (Weitzman, personal communication). Many
acanthoptervgians and some lower teleosts (e.g., Esox, Gonorhynchus, cyprino-
donts) have the head more or less extensively covered by scales.

In Hepsctus, Ctenolucius, and in Hoplias and other members of the Erythrin-
idae, the anteriormost scales of all of the dorsal scale rows are inserted in a
groove along the posterior edge of the parietal bones, and the supraoccipital
spine is completely covered by scales. This mode of insertion of the dorsal scale
rows is perhaps primitive for characoids. In characoids in which the supraoc-
cipital bone has a strongly developed crest the dorsomedian scale rows are in-
terrupted by the crest and insert on either side of it instead of directly on the
parietal; thus the supraoccipital bone is exposed on the ridge of the nape, or
rather is covered only by a more or less thin, scaleless layer of skin. The rela-
tionship of the scales to the crest is related to the size of the crest, which in turn
is correlated with body shape. Cylindrical or subcylindrical body shape may
well be primitive in characoids. Similar modes of insertion of the scales on the
nape may have secondarily developed along with cylindrical body shape in other
characoids.

SLOPE OF THE ocCIPUT. Sagemehl regarded the sloping inclination of the
occiput in Erythrinidae as a primitive condition comparable with the slope of
the occiput in Amia, and unlike that in any other characoids. In Erythrinidae
the supraoccipital spine is far anterior to the basioccipital centrum. It is note-
worthy that the occiput slopes similarly in the primitive minnow O psariichthys.
In specialized characoids the supraoccipital spine lies more or less directly above
the basioccipital centrum and the occiput is practically vertical.

In Chalceus and Pyrriulina (members of the family Lebiasinidae) the oc-
cipital slope is fully comparable to that of Erythrinidae, and that of Ctenolucius
and Hepsetus nearly so. Therefore Sagemehl was incorrect in stressing the
uniqueness of the erythrinids in this respect. Weitzman discussed the osteology
and relationships of the Lebiasinidae with regard to the Erythrinidae and con-
cluded that in all the unique respects that the latter differ from the Characidae,
the Lebiasinidae are like the Characidae (Weitzman, 1964, p. 155). He did not
compare their occipital regions. Weitzman (personal communication) suggests
that the slope of the occiput might be correlated with body shape.

PosTTEMPORAL FOSSAE. As indicated by Sagemehl (1885, pp. 28, 29), large
posttemporal fossae (which serve for cranial attachment of epaxial musculature)
are characteristic of characoids. There is considerable variation among special-
ized characoids regarding the nature of the openings into these fossae. In the
primitive or generalized characoids, however, including Erythrinidae, Hepset-
idae, Ctenoluciidae, Brycon, and Salminus (and also in some specialized chara-
coids such as Leporinus), the openings show remarkably little variation. In all
of these fishes there is an oblique or nearly horizontal dorsal opening, the mar-
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gins of which are formed by portions of the parietal, epiotic, and supraoccipital
bones, and a larger, ventrolateral vertical opening, the margins of which are
formed by portions of the pterotic and epiotic bones.

In the specialized characoids Distichodns, Mesoborus, and Hydrolycus, in
addition to the two openings just mentioned, there is a third opening between
the epiotic and exoccipital bones mesad to the ventrolateral vertical opening,
which is separated from the latter by the portion of the epiotic forming a bony
canal around one of the membranous vertical semicircular canals. In Citharinus
(Sagemehl, pl. 2, fig. 5) the ventrolateral and ventromedial openings into the
posttemporal fossa seem very similar to these openings in Distickodus, but the
dorsal opening present in primitive characoids is absent; the area between the
epiotic, supraoccipital, and parietal bones is solid bone.

Curimatus isognathus, Alestes liebrechtsii, and Hvdrocynus (Sagemehl, pl.
3, fig. 16) have three openings into the posttemporal fossa, as in Distichodus,
Mesoborus, and Hydrolycus, but the ventromedian vertical opening lies entirely
within the epiotic bone, i.e., the exoccipital does not contribute to its margin.
In A. licbrechtsii the openings into the posttemporal fossae are exceptionally
large and the portions of the epiotic bone separating them are extremely slender.
A similar condition is met with in the gvmnotoid Sternopyvgus. Alestes (Brycinus)
grandisquamis resembles A. liebrechtsii in that the dorsal oblique and ventro-
lateral vertical openings are extremely large and the portion of the epiotic sepa-
rating them is extremely slender, but the ventromedian opening found in the
latter species is lacking. Acestrorfivachus has an exceptionally large ventrolateral
vertical opening in the posttemporal fossa; other openings are lacking (fig. 25).
This condition is undoubtedly highly specialized.

SuBTEMPORAL rossa. Weitzman (1962, p. 26) reported that in Brycon
meeki the subtemporal fossa is represented by a shallow depression in the pos-
terior region of the prootic which extends backward to the region of the suture
between the prootic, pterotic, and basioccipital. He noted the presence of an
extremely shallow subtemporal fossa in gasteropelecids, and stated that Hoplias
malabaricus has a [relatively] well developed subtemporal fossa. Ridewood
(1904, p. 62) remarked that this fossa is unrecognizable in the majority of
characoids: with the exception of Citharinus and Serrasalmus, however, the sub-
temporal fossa is clearly distinguishable in all of the characoids I have examined.
Besides Hoplias. it is relatively well developed in Hepsetus, Ctenolucius, Acestro-
rhynchus, and Distichodus. Tn Hydrolycus it is exceptionally broad but very
shallow. In Salminus and Alestes it is similar to that of B. meeki.

Note: Catfishes characteristically lack subtemporal fossae, the prootic and
adjoining bones tending to present a smooth and slightly convex surface in all
catfishes, whereas minnows have larger and deeper subtemporal fossae than any
other teleosts.
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InTERCALAR BONE. The intercalar (sometimes called opisthotic) is a thin
bone which is closely applied to adjacent portions of the prootic, exoccipital, and
basioccipital bones. It overlies a substantial portion of the joint between the
basioccipital and exoccipital. The intercalar is well developed in Hepsetus, Cteno-
lucius, Hoplias, Salminus, and Acestrorhynchus. Tn all of them a strong liga-
ment originates from it and attaches to the prong-like lower limb of the post-
temporal bone of the secondary pectoral girdle.

In glycerin specimens the translucency of the intercalar sometimes makes it
difficult to distinguish from the underlying bones. Because of this the intercalar
is not well portrayed in my figures of Hepsetus, Ctenolucius, and Hoplias. Tt is
best shown in figures 14, 19, and 24 of Salminus. It is relatively easy to observe
the intercalar in specimens that have been transferred from glycerin to alcohol.
One can then observe the specimen in alcohol or allow it to dry a bit and
readily make out the intercalar.

Jaws

GENERAL FEATURES. In primitive and generalized characoids the jaws are
shaped like those of Amia, although there is a tendency for the posterior portion
of the maxillary to extend beyond the gape. In many characoids the posterior
portion of the maxillary slips under the ventral rim of the first infraorbital bone.
In generalized characoids the premaxillaries are immovably fixed to the skull.
It should be noted that primitive teleosts of several groups have relatively non-
movable premaxillaries, e.g., osmerids (Weitzman, 1967). The ascending limb
of the maxillary is a slender, toothless process movably articulated to the vomer
and to the posterior edge of the premaxillary. The descending limb is an ex-
panded, tooth-bearing lamella bound by a ligament to the posteromedial surface
of the lower jaw. When the mouth is closed this ligament lies folded in the rictus
of the jaws. As the mouth is opened it unfolds and then pulls the descending
limb of the maxillary forward. The maxillary must come forward to permit full
depression of the lower jaw.

Salminus, Hepsetus, Hoplias, and Acestrorkynchus have generalized jaws.
In Ctenolucius, although the dentition and replacement tooth trenches appear
to be primitive (Roberts, 1967a), the premaxillaries are exceptionally elongate,
almost completely excluding the maxillaries from the gape, and the maxillaries
are immovably fused to the premaxillaries. This is a highly specialized condi-
tion.

Weitzman (1960a, p. 118) briefly discussed some characoids in which the
maxillary is excluded or nearly excluded from the gape. The American chara-
coids in his discussion—Serrasalmus, Mylossoma, Poecilobrycon, and Nanno-
stomus—have foreshortened rather than elongated jaws. The African Ichthy-
boridae mentioned, on the other hand, tend to have elongate jaws. Two of the
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genera, Belonophago and Gavialocharax, have jaws fully elongate as those of
Ctenolucius and Boulengerella. Gavialocharax, incidentally, is apparently closely
related to Phagoborus, differing most strikingly from the latter in the more
elongate form of its jaws. In ichthyborids the maxillary, which never bears
teeth, is almost entirely fused to the medial face of the posteriormost parts of
the premaxillary. The premaxillary is movably articulated to the skull and
swings upward when the lower jaw is fully depressed.

In characoids, as pointed out by Rowntree (1906, p. 243), all intermediate
stages are found between, on the one hand, the presumably primitive condition
in which the maxilla bears teeth throughout its length and forms the major part
of the border of the mouth, and, on the other, the condition in which the maxilla
is toothless and so reduced as to be practically excluded from the gape.

A movable premaxillary would appear to be highly specialized for characoids.
This condition occurs in several of the specialized characoids. including ichthy-
borids, Bivibranchia, and Hydrocynus. In # ydrocynus the maxillary is fused to
the premaxillary and does not bear teeth.

The relationship of the posterior portion of the maxillary bone to the first
and second circumorbital bones exhibits important differences in characoids.
When the jaws are closed the portion of the maxillary bone extending posterior
to the gape of the mouth is entirely or almost entirely overlain by the first and
second circumorbitals in Hepscius (fig. 1), Ctenolucius (fig. 2), Acestrorhamphus
and Salminus (fig. 4). In Acestrorhiyuchus the first circumorbital is ventrally
prolonged to form a scabbard-like sheath which overlies the maxillary, and the
second circumorbital is thus excluded from overlying the maxillary (fig. 5). In
Brycon, as in many characoids, the posterior portion of the maxillary is partially
overlain by the first and second circumorbitals. Weitzman (1964, p. 142) stated
that in Hoplias the fan-shaped distal end of the maxillary is external to the sec-
ond circumorbital, but that it is included under the second circumorbital in
Hoplerythrinus and Erythrinus. 1t is probable that the distal end of the maxil-
lary normally slips beneath the second circumorbital in all Erythrinidae includ-
ing Hoplias, as shown in figure 3. When the mouth of a preserved specimen of
Hoplias is forced open, it usually shuts with the maxillaries in an abnormal posi-
tion outside the second circumorbital; with a slight manipulation, they can be
guided into their normal position inside the second circumorbital. 1 doubt that
live Hoplias individuals ever close their mouths in such a way that the maxillary
lies outside the circumorbital bone, but this should be verified by observations
on living fishes. In Erythrinidae the first circumorbital bone is reduced to a
bony canal enclosing a portion of the circumorbital branch of the cephalic lat-
eral line: hence it lacks the lamellar portion which would normally overlap the
maxillary bone. In many characoids, as in Lepidarchus (Roberts, 1966, fig. 1),
the first and second circumorbitals are so greatly reduced that neither of them
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overlies the maxillary. In Genycharax (Géry, 1966, fig. 12) and Lonchogenys
the first circumorbital overlies the maxillary to a considerable extent, but the
second circumorbital is reduced and the posteriormost portion of the maxillary
lies entirely exposed. The greatly expanded, otter-board-like maxillaries of
Thrissobrycon lie completely outside the circumorbitals (Bohlke, 1953, fig. 1).

Géry (1963a, p. 278, fig. 7) described a supramaxillary bone sutured to the
maxillary in Adgoniates. Hitherto this element had not been reported in any
characoid. A small, separate element apparently equivalent to a supramaxillary
is also present in some species of Chilodus. In Chalceus the posterior portion of
the maxillary is grooved in such a way as to suggest that its dorsoposterior por-
tion is actually a fused supramaxillary bone. In Hoplias, the dorsoposterior pot-
tion of the maxillary has a dorsal flange in the region where the supramaxillary
is present in Asmia. This flange may represent a supramaxillary but examina-
tion of alizarin preparations of Hoplias of various sizes (including one 20-mm.
specimen) failed to reveal a separate ossification or even a suture that might
represent the line of fusion between maxillary and supramaxillary.

SYMPHYSEAL HINGE JOINT. A peculiar characteristic of almost all chara-
coids is the complex hinge joint uniting the right and left halves of the lower
jaw at the symphysis (Eastman, 1917; Gregory and Conrad, 1937, 1938; Alex-
ander, 1965). In most characoids these facilitate lateral expansion of the mouth
at the angle of the jaws, as Eastman (p. 757) first noted in Ivdrocvanus and
Hoplias. The symphyseal hinge joint is particularly well developed in the elon-
gate lower jaw of the characoid Rhaphiodon, which is highly specialized for kill-
ing and swallowing relatively large prey. Nelson (1949, pp. 505-506, pl. 4, figs.
6-8) gave the following account of the structural modifications permitting ex-
pansion of the lower jaw in this genus.

The bicipital articulations of the hyvemandibular with the pterotic and sphenotic of
the cranium is long and narrow allowing for the lateral swinging of the whole jaw
suspension apparatus. Anteriorly the transverse articulation of the suprapterygoid
[ = palatine] with the parethmoid [= ethmoid] allows lateral sliding and thus
accommodation for the lateral swinging of the suspensory apparatus. The third
articulation involved is that of the intermandibular (mental) [= symphyseal hinge
joint of the lower jaw] whose “knuckles” allow a change in the angle of the man-
dibles from 0-60°. The sphenotic affords an origin for the levator arcus palatini
which inserts upon the flat lateral surface of the hyomandibular. With the added
lateral length of the sphenotic this muscle is given additional leverage for pulling
the jaws laterally. The adductor arcus palatini muscle originates on the posterior
portion of the parasphenoid and inserts upon the median surfaces of the pterygoid
| = metapterygoid] and hyomandibular. Thus it has a direct pull to bring the jaws
medially again.

Nelson also stated (in the explanation of pl. 4) that the hinge joint of
Rhaphiodon is so highly interdigitated that it must be partially broken before
the two halves of the jaws can be separated. In Hoplias, although the hinge
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joint is fairly well developed, the two halves of the jaws can be separated read-
ily without breakage.

In Ichthyboridae the lower jaws are so firmly sutured together at the sym-
physis that no lateral expansion is possible. In Hvdrocvnus the premaxillaries
are movably articulated to the skull and they are joined together by a hinged
joint like that present in the lower jaw (Eastman., 1917). Symphyseal hinge
joints are absent in the highly specialized characoid Amisitsia of the family
Hemiodontidae (Alexander, 1965, p. 187), and in the gymnotoids Sternopygus
and Electrophorus.

SUSPENSORIUM AND PALATAL BONES

The mandibular and palatine arches of Hepsetus, Ctenolucius, Hoplias,
Acestrorhynchus, and Piaractus are similar in their general plan to these struc-
tures in Brvcon mecki as described by Weitzman (1962, p. 341, fig. 10, p. 66).
All of them have a large metapterygoid-quadrate fenestra. As reported by
Weitzman (1964, pp. 144, 148), this fenestra is lacking in the Lebiasinidae. Tt
is also absent in Leporinus and Rhaphiodon. In the latter genus there is a thin,
translucent sheet of bone between the metapterygoid and quadrate where the
fenestra usually lies. In the related genus 7 vdrolvcus the fenestra is present.
Greenwood and others (1966, p. 385, fig. 9) reported a metapterygoid- quadrate
fenestra in the primitive minnow O psariicht/ys and in the closely related Zacco,
and indicated that it may be a primitive feature for cyprinids and cyprinoids in
general, although it is apparently absent in the majority of them.

In Salminus and Acestroriynchus the hyomandibular has a process extending
anteriorly along the dorsal edge of the metaptervgoid until it meets the pos-
terior end of the mesopterygoid (figs. 31, 32). This process is absent in other
characoids examined.

In Hoplias, Acestrorhynchus, and Ctenolucius the ectopterygoid bears sharp
conical teeth for the entire anterior two-thirds to three-quarters of its length.
In Salminus, Piaractus, and Hepsetus the ectopterygoid is toothless.

In Hoplias, as noted by Sagemehl (1885, p. 95) and also by Weitzman (1964),
there is a small, autogenous and movable tooth-bearing bone connected closely
to the anterior end of the ectopterygoid (fig. 18). The interpretation of this
element is of considerable interest because of the presence of similar tooth-bear-
ing bones in Amia and in Hepsetus (reported below). As stated by Weitzman
(1964, p. 146):

The accessory palatine of Sagemehl (1885, p. 95) that occurs in Hoplias may be
interpreted in two ways, either as a dermopalatine or dental element that has not
fused to the ectopterygoid or as an autogenous, anterior piece of the ectopterygoid.
Starks (1926, p. 161) maintains that the accessory palatine is homologous with the
dermopalatine of Amia. This problem cannot be resolved with the information at
hand.
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Weitzman also said that the striations and growth pattern of these tooth-bearing
bones indicate that they are anterior extensions of the ectopterygoids.

Hepsetus has a large, tooth-bearing bone lying between the toothless ecto-
pterygoid and the maxillary (figs. 16, 26). This element is not so closely con-
nected to the ectopterygoid as is the accessory ectopterygoid of Hoplias.
Giinther (1864, p. 352) referred to it as a process of the intermaxillary |= pre-
maxillary | bone, and Regan (1911, p. 16) perpetuated this error. The bone
under consideration is definitely a separate element in every alizarin prepara-
tion of Hepsctus T have examined (specimens from 19 to 200 mm. in standard
length). Apart from Erythrinidae, a comparable element has not been found in
any other characoids. The presence of this bone in Hepsctus forcibly raises the
question again of whether a bone homologous with the accessory palatine or der-
mopalatine of Amia is present in primitive characoids.

EcrortErRyGoip TEETH. The presence of ectopterygoid teeth seems to have
a mosaic distribution in characoids, and is sometimes a variable character. In
the family Characidae, for example, ectopterygoid teeth are absent in Salminus,
Brycon, and Alestes but are present in such highly specialized genera as A cestro-
rhynchus (fig. 20) and Serrasalmus. In some characoids, such as Boulengerella,
ectopterygoid teeth are minute or obsolescent. In characids with enlarged jaw
teeth, the ectopterygoid dentition is generally absent or suppressed. Teeth are
absent on the reduced ectopterygoid of Poecilobrycon harrisoni, but are present
in some other members of the Nannostomina. Some specimens of Poecilobrycon
eques were found in which teeth were absent on one ectopterygoid and present on
the other (Weitzman, 1964, p. 144). This might be due to some sort of tooth
replacement phenomenon.

Note. Ectopterygoid teeth in most characoids are simple conical teeth. Ser-
rasalmus, however, has ectopterygoid teeth with the same peculiar morphology
as the jaw teeth.

SymMPLECTIC BONE. In teleosts, in which both facets for reception of the
bicipital articular surfaces of the lower jaw are generally formed on the quad-
rate bone, there has been a general evolutionary tendency for the symplectic
bone to lose most of its connections with other bones, to become reduced in size,
and finally to be lost.

In Amia the symplectic is fairly large with its dorsal edge firmly abutted
against the ventral edge of the quadrate and its ventrolateral edge against the
medial face of the lower preopercular limb. It is expanded posteriorly where it
approaches the lowermost portion of the hyomandibular bone, and anteriorly it
ends in a large socket which provides for one half of the bicipital articulation of
the lower jaw. In the primitive teleost Albula, the symplectic is an expanded
lamellar bone, extensively in contact with the hyomandibular and mesopterygoid
bones as well as with the quadrate and preopercle, but its anterior end is pre-
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vented from contacting the lower jaw by the anterior limb of the preopercle,
which is in intimate contact with the quadrate. Both facets for articulation with
the lower jaw are formed on the quadrate bone. Tn many teleosts, on the other
hand, including the catfishes, the symplectics have been entirely lost. In chara-
coids the symplectics are invariably present but are substantially reduced com-
pared to thase of Albula and -Almia.

In all characoids the symplectic is a tubular bone of moderate dimension, its
anterior portion fitting snugly into a groove in the medial face of the quadrate.
The posterior end approximates and is synchondrally joined to the tubular,
descending process of the hyomandibular bone, but scarcely or not at all con-
tacts the mesopterygoid and the preopercle. Except for some variation in size,
the condition of the symplectic bones seems to change relatively little from group
to group of characoids.

FACTAL BONES

NasaL BoNE. Sagemehl (1885, p. 32) pointed out that the nasal bone in
Erythrinidae and Hepsetus is remarkably large for teleosts and compared it with
the nasal of Amia. A large, lamellar nasal bone, firmly articulated to the skull
and bearing a bony canal for investiture of the nasal portion of the cephalic
lateral line, is also present in Ctenoluciidae.

In the majority of characoids, as in Agoniates (Géry, 1963a, figs. 3, 4, 6),
Acestrorhynchus, and Brycon, the nasal bone is represented only by the bony
canal enclosing the nasal portion of the cephalic lateral line canal, and is rela-
tively loosely articulated to the skull. Salminus and Alestes are perhaps inter-
mediate between those characoids having a large lamellar nasal bone and those
in which the nasal bone is reduced to a mere bony canal. The nasal bone is lack-
ing in Lepidarchus adonis (Roberts, 1966, p. 210).

CIRCUMORBITAL BONES. Probably characoids primitively had an orbital ring
of eight bones: a supraorbital, an antorbital, and six infraorbitals, according to
the terminology of Weitzman (1962, pp. 28-31). Light is the highest number
of orbital bones ordinarily found in characoids, and it is characteristic of such
primitive or generalized characoids as Ilepsetus, Brycon. and Salminus, and also
occurs in some highly specialized genera.

Both the supraorbital and the antorbital (at least as a separate element) are
lacking in f{oplias, which has all six infraorbitals. Another pecularity of the
circumorbital series of Iloplias is that one or more infraorbital elements are
excluded from the rim of the orbit. In a 58.5-mm. specimen the proximal ends
of the third and fifth infraorbitals meet in the orbital rim, thereby excluding
the fourth infraorbital (fig. 3). Alexander (1965, fiz. 9, p. 185) has figured a
larger specimen in which the second and fifth infraorbitals meet proximally,
thereby excluding both the third and fourth.

In Ctenolucius the antorbital is lacking and there are only five infraorbitals;
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the third infraorbital is exceptionally large and may have been derived from
fusion of the primitive third and fourth infraorbitals (fig. 2). In Iepsetus, un-
like any other characoids, the supraorbital has a distinct ventral limb articulat-
ing directly with the first infraorbital: the antorbital is thereby excluded from
the orbital rim. The posterior portion of the antorbital lies in a groove or shal-
low depression in the leading edge of the ventral limb of the supraorbital bone
(fig. 1). In Brycon and Salminus (fig. 4) the antorbital bone forms part of the
orbital rim,

Although the orbital bones have been reduced in many groups of characoids
(and in gymnotoids they are usually represented only by bony tubes bordering
the orbit which enclose the infraorbital branch of the cephalic lateral line), in
primitive or generalized characoids they are exceptionally large, compared to
those of teleosts as a whole. The third infraorbital, which is usually the largest,
occupies much of the cheek region. In primitive or generalized characoids in
which the dorsolateral edge of the skull is more or less straight (e.g., Salminus,
Hoplias, Hepsetus, and Ctenolucius) the sixth infraorbital is large and has a
more or less straight edge which is firmly articulated to the edge of the skull.
Often in specialized characoids, for example Acestrorkynchus, the sixth infra-
orbital is greatly reduced and has relatively little articulation with the skull (fig.
5). In some instances it is little more than a segment of the bony canal enclosing
the dorsalmost portion of the infraorbital branch of the cephalic lateral line.

Reduction of the circumorbital bones has occurred in many lines of chara-
coids. In some instances, as in Acestrorfivnchus, this is probably related to
reduction of the sixth infraorbital and the resulting loss of an extensive, firm sus-
pension for the dorsoposterior limb of the infraorbital series. The third infra-
orbital is truncated distally, so that it fails to extend downwards all the way to
the preopercle. The circumorbital series of Acestrorhiynchus is also specialized
in that the posteroventral portion of the first infraorbital extends ventrally to
the second infraorbital and acts as a sheath or scabbard for the heavily toothed
posterior portion of the maxillary which extends beyond the gape.

Gosline (1965, p. 188) stated that in the amioids (most closely approached
among teleosts by the erythrinid characoids), the dermosphenotic |= sixth in-
fraorbital| forms one of the roofing bones of the skull, and the hinge line for
the circumorbital series movement lies below it. This statement should be
slightly amplified. If one lifts the opercle of a preserved specimen of Amia, the
infraorbital series ventral to the sixth infraorbital is lifted with it, while the sixth
infraorbital remains unchanged in position. In Hepsetus and Salminus, as well
as in erythrinids, the major movement in the circumorbital series is still between
the sixth and fifth infraorbitals. In these characoids there is also a slight lifting
of the sixth infraorbital (this is most noticeable in Salminus) and the fifth in-
fraorbital slips partially beneath or inside the sixth infraorbital, whereas in Awmia
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the adjacent edges of the fifth and sixth infraorbitals meet end on. In Cteno-
lucius the firm junction between the sixth infraorbital and the large infraorbital
below it prevents any hinge-like movement, and the infraorbital series is not
readily moved by lifting up the opercle. In characoids in which the sixth infra-
orbital is greatly reduced the entire infraorbital series is readily moved by lift-
ing up the opercle.

OrercULAR BONES. The opercular series is complete in all characoids; that
is, preopercle, opercle, interopercle, and subopercle are always present.

A lamellar supraopercle is present among characoids only in Hepsetidae and
Erythrinidae. In these two families the sixth infraorbital bone has an excep-
tionally extensive articulation with the lateral margin of the cranium, and pos-
teriorly the sixth infraorbital approximates or contacts the anterior edge of the
supraopercle. The absence of the supraopercle in other characoids may be re-
lated to the reduction of the sixth infraorbital. The supraopercle in Hepsetidae
and Erythrinidae is not the same as the supraopercle which has been reported
in some other characoids, e.g., in Acestrocephalus anomalus (Weitzman, 1962,
p. 32). In Acestrocephalus anomalus and in many other characoids the dorsal
portion of the bony canal enclosing the preopercular branch of the cephalic lat-
eral line often extends considerably above the preopercle bone proper. Some-
times this dorsal portion forms separately and later fuses with the main body of
the bony canal and the preopercle bone, but in some species it remains separate.
Such an element is present in Hepsetus (labeled “autogenous preopercular canal
bone” in fig. 1), and is clearly distinct from the lamellar supraopercle.

In Hepsetus the supraopercle bears a short segment of bony canal along its
anterior margin for investiture of a portion of the preopercular branch of the
cephalic lateral line. In Hoplias it does not. In Acestrorhvachus the dorsopos-
terior corner of the opercle extends dorsally as a peculiar flange (fig. 3).

SUBOPERCLE. In Amia the subopercle is firmly ankylosed to the opercle, as
well as to the interopercle; it has a strong, dorsally directed process which is
immovably joined to the anterior edge of the anteroventral corner of the opercle.
In some of the lower teleosts and in percomorphs in general, the subopercle is
similarly joined to the opercle by a dorsally directed process. In characoids,
however, the subopercle is invariably loosely articulated only by connective tis-
tue to the opercle and interopercle, and the dorsal process of the above-mentioned
fishes, if present at all, is reduced to a minute flange (fig. 26, Hepsetus).

HYOID ARCH

BastayaL. In most characoids the basihyal is more or less uniformly slen-
der. In Hoplias, however, the basihyal is expanded anteriorly into a wide hori-
zontal lamella with a broadly rounded margin (fig. 35). In {floplias (as in
Erythrinidae generally) the tongue is unusually broad and relatively free from
the floor of the mouth compared to the tongue in most other characoids.
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BrancHIOSTEGAL RAYS. Most characoids—including Hepsetus, Ctenolucius,
Salminus, and Acestrorhynchus—have four branchiostegal rays. Poecilobrycon
has three (Weitzman, 1964), as does Curimatus isognathus. Some characoids
have five, including Erythrinidae, Piaractus nigripinnis, Agoniates (according
to Géry, 1963a, p. 272, Agoniates has five branchiostegal rays. of which the
anterior two are rudimentary), Hydrolycus, Rhaphiodon (Nelson, 1949, p. 503,
pl. 6, fig. 10), and the gasteropelecid T/koracocharax (Weitzman, 1960b, p. 233).

Weitzman (1960b, p. 233) was of the opinion, based on Hubbs (1919), that
reduction i the number of branchiostegal rays is a general evolutionary trend
in characoids. He cited the presence of five branchiostegal rays in T/oraco-
charax as part of the evidence that at least in certain respects it is the most
primitive genus in the family Gasteropelecidae, the rest of the members of which
have only four branchiostegal rays.

GILL ARCHES

GENERAL FEATURES. The branchial arches and associated gill rakers and
teeth of Amia, which are more generalized than in any teleosts, may be remarked
upon before considering these structures in characoids. Amie has five branchial
arches, the first four of which are complete. The fifth arch consists of paired
upper pharyngeals (or epibranchials), paired lower pharyngeals (or ceratobran-
chials), and a median basibranchial. The gill filaments are supported by gill
rays. Gill rakers are present on the leading and on the trailing edges of the
first four gill arches and on the leading edge of the fifth ceratobranchial or lower
pharyngeal. Teeth are present in dense patches on the suspensory pharyngeals
(including the anteriormost one), upper and lower pharyngeals, and fifth basi-
branchial (absent on other basibranchials). Irregular rows or patches of teeth
extend between the gill rakers on the first four gill arches, and each gill raker
is itself covered with a dense patch of teeth.

In teleosts, including characoids, there has been a marked tendency for
branchial teeth, gill rakers on the trailing edges of the arches, and portions of
the fifth branchial arch to be reduced or lost. The fifth basibranchial is usually
absent in teleosts and is not found in any characoid. In many teleosts branchial
teeth are present only on the upper and lower pharyngeals (fifth pharyngobran-
chials). Nevertheless, teeth have been retained on the gill rakers in numerous
teleosts, including many characoids, and in many characoids teeth are also pres-
ent on the second and third suspensory pharyngeals. In Foplias, in addition to
the normal complement of gill rakers, there are some thin, tooth-bearing osseous
plates, which may or may not be gill rakers, on the proximal portions of the
anterior gill arches and extending anteriorly along either side of the basihyal
(fig. 35). The rows of gill rakers on the trailing edges of the gill arches are
usually lacking in higher teleosts but are retained to some extent in many lower
teleosts including characoids. In Hoplias they are present on all of the gill
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arches. It may be noted that in characoids and in gymnotoids the gill rakers on
the trailing edge of the branchial arches appear first during development on the
fourth arch, next on the third arch, then the second arch. and often fail to de-
velop on the first arch.

Bony ¢ill rays supporting the gill filaments are lacking in the majority of
characoids, but are present in Acestrorhynchus (fig. 37).

Note. Epibranchial organs have been reported in several highly specialized
characoids (Prochilodus, Curimatus, Caenotropus, and Citharinus; Thys van
den Audenaerde, 1961, p. 146) but the morphology of these structures has not
been thoroughly investigated and they may be unrelated to the epibranchial
organs found in other teleosts. A peculiar, sac-like epibranchial organ in the
highly specialized African catfish Syviodontis membranaceus is probably also of
independent origin. Epibranchial organs are lacking in Salminus, Ctenolucius,
Hepsetus, Hoplias, Brycon, and Acestrorhiynchis.

GiLL RAKERS, Apparently gill rakers primitively were flattened, tooth-bear-
ing bony lamellae forming two series on the leading and trailing edge of the gill
arches. Perhaps they were more or less morphologically identical on all of the
arches, as are the evidently relatively primitive rakers of Polypterus, Lepisosteus,
and Esox. In most fishes, however, the gill rakers are differentiated. those of at
least the first arch usually being relatively prominent and sometimes specialized
in other ways. In many teleosts the rakers on the trailing edge of the arches (if
they have not been lost) and on the posteriormost arches are relatively primi-
tive morphologically; this is generally the situation in characoids.

Among characoids, perhaps the condition of the gill rakers is relatively primi-
tive in such genera as Hoplias, Acestrorhyuchus, and Rhaphiodon, in which the
gill rakers are present on both the leading and trailing edges of all the arches,
are all tooth-bearing, and exhibit relatively little differentiation on successive
arches. In Hoplias a few rakers on the ceratobranchial of the first arch are
much more elongate than the rest of the rakers (fig. 35). In Rhiaphiodon and
Acestrorhynchus (fig. 37) the gill rakers on all of the arches are thin lamellae
closely adherent to the gill bars. The teeth are slightly larger and somewhat
fewer on the more anterior arches. It is possible that the gill rakers have be-
come secondarily reduced in some characoids. In Salwinus the first two gill
arches lack rakers on their trailing edges, whereas most of the rakers on the
leading edge are enlarged. In Hepsetus and Ctenolucius (figs. 33, 34) some of
the anterior rakers are elongate and toothless; the absence of teeth is probably
a specialized condition. The posterior rakers appear to he morphologically rela-
tively primitive.

Preliminary observations of young stages of Hydrocynus and Gymunotis
indicate that the posterior gill arches develop gill rakers on their trailing edges
before the anterior arches. T suspect that in many characoids the anteriormost
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arch is the last arch to develop gill rakers on its trailing edge. If this is so, then
it is not surprising that some characoids fail to develop rakers on the trailing
edge of the first arch even when the remaining arches are well provided with
them. Further observations should be made on the sequence of gill raker devel-
opment.

PHARYNGEAL TEETH. In practically all characoids the pharyngeal dentition
consists of simple conical teeth. They may be very numerous and generally cover
a major portion of the pharyngeal bones.

The only characoids with complex pharyngeal dentition that T know belong
to the families Chilodontidae and Anostomidae, which characteristically have pe-
culiar multicuspid pharyngeal teeth with hollow stalk-like bases and two or three
recurved cusps which are graduated in size. As in the multicuspid characoid
jaw teeth, there is a distinct zone between the cusps and the base which trans-
mits light more readily, and the cusps represent separately formed conical ele-
ments (verified in an alizarin preparation of Chilodus). Before 1 compared the
pharyngeal teeth of Chilodus with those of Leporinus, Rhytiodus, and other
Anostomidae, Weitzman had mentioned in discussion the possibility that the
Chilodontidae and Anostomidae are closely related. T expect further study to
show that the Chilodontidae represent a specialized subfamily of Anostomidae.
Géry (1964) reviewed the species of Chilodontinae and figured the pharyngeal
teeth of Caenotropus maculosus and Chilodus punctatus.

Note. The multicuspid pharyngeal and primary jaw teeth in some species
of Tilapia (see Poll, 1957, figs. 321, 323)—an African genus of the percomorph
family Cichlidae—are extremely similar to those of some of the Anostomidae.
This amazing convergence of trophic structures occurs in fishes which are en-
tirely different in body form and swimming movements. In the Anostomidae, as
in other characoids, replacement teeth arise in back of the functional tooth rows.
In Tilapia, as in Girella (Norris and Prescott, 1959) and in some of the brows-
ing catfishes of the genus Synodontis, the replacement teeth come up in front
of the functional teeth.

WEBERIAN APPARATUS

In characoids the four centra of the Weberian apparatus are normally sepa-
rate. Weitzman (1962, p. 36) reported a specimen of Carnegiella vesea in which
the third and fourth centra were abnormally fused. The Weberian apparatus was
otherwise normal. My figure of the Weberian apparatus in Lepidarchus (Rob-
erts, 1966, fig. 6) gives the impression that the first and second centra are
fused, whereas they actually are separate.

The first centrum is a simple disc with dorsolateral depressions to receive
the ventral articular process of each scaphium. In cyprinoids the first centrum
usually bears a short but stout lateral process. This process is never present in
characoids.
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The second centrum bears a lateral process and usually dorsolateral or lat-
eral depressions to receive the ventral articular process of each intercalarium. In
Hepsetus the intercalarium has a well developed acetabulum which fits into a
dorsolateral excavation in the second centrum (fig. 38). The main body of the
intercalarium is a curved shaft. The anteroventral end is notched in some chara-
coids. In Ctenolucius the dorsoposterior end is deeply forked (fig. 40), but in
other characoids it is simple. In Hepsetus the second centrum has a pair of
posteriorly projecting processes which arise on the anterior portion of its ven-
tral surface (fig. 39). These processes extend posteriorly until they almost con-
tact a pair of relatively short, anteriorly projecting processes from the ossa
suspensoria of the fourth centrum. There are no projections or processes on the
ventral surface of the second centrum in Ctenolucius, Hoplias, Salminus, or
Acestrorhiynchus.

The third centrum of Hepsetus differs from that of other characoids in hav-
ing paired anterolaterally and posterolaterally projecting processes from its ven-
tral surface (fig. 39). The tripus is somewhat variable in characoids. Many
genera are apparently characterized by subtle differences in the form of the
tripus. In Hepsetus the body and blade portions of the tripus are apparently
connected to each other by cartilage alone. In other characoids they are united
to a greater or lesser extent by co-ossification and tend to form a single bone.
The blade portions of the tripus are ligamentously attached to the intercalarium,
which is in turn ligamentously attached to the bowl, or “conch,” of the scaphium.

The family Characidae is apparently typified by a dorsoanteriorly directed
process from the neural arch pedicle of the third vertebra which is tightly bound
into a groove-like fossa in the base of the neural complex. This process is pres-
ent in Piaractus, Serrasalmus, Hydroeynus, Salminus (fig. 44), Acestrorhynehis
(fig. 46), Brycon (Weitzman, 1962, fig. 12) and -Alestes (Monod, 1950, figs.
100-101). Of the genera listed, its development is weakest in Alestes. There is
no indication whatever of such a process in Hepsetus, Froplias, Distichodus,
Poccilobrycon (Weitzman, 1964, fig. 9), or Carnegiclla (Weitzman, 1954, fig.
10). In Ctenoliucius the neural arch pedicle has a minute dorsal projection (fig.
40) which is conceivably related to the process in Characidae.

In the characid genera Brycon, Acestrorhynchus, Alestes, Piaractus, and Ser-
rasalmus the base of the neural complex extends posteriorly until it nearly
touches the neural spine of the fourth vertebra. In Hepsetus, Hoplias, and
Ctenolucius the base of the neural complex extends posteriorly only as far as
the leading edge of the neural arch pedicle of the fourth vertebra, and the area
between it and the neural spine is partially occupied by a supraneural bone (fig.
40 of Ctenolucius). The relation of the neural complex to the fourth neural spine
in Salminus (fig. 44) is intermediate between the condition found in Hepsetus,
Ctenolucius, and Hoplias, and that in the Characidae just listed.
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The rib of the {ifth vertebra bears near its base a medially directed process
which is ligamentously attached to the os suspensorium of the fourth vertebra
in Acestrorhynchus (figs. 46, 47), Alestes, Piaractus, and Brycon meeki (Weitz-
man, personal communication). This process is lacking in Salminus, Hepsetus,
Hoplias, and Ctenoluceius.

PECTORAL FIN

The generalized characoid pectoral girdle consists of an extrascapular; a
posttemporal with an ascending limb joined by extensive fascia to the cranium
and a descending limb connected by a strong ligament to the intercalar bone; a
supracleithrum; a cleithrum; three postcleithra, of which the third is a slender
strut-like bone; a mesocoracoid; a scapular; and a coracoid. Coracoid and
cleithrum usually meet anteriorly and sometimes have interdigitating processes,
but the latter are never as well developed or as firmly interdigitated as in cat-
fishes. The cleithrum is attached to the occipital centrum by a strong ligament.
This ligament, usually ossified in catfishes, is never ossified in characoids. The
scapular foramen is usually very large. The first pectoral ray articulates directly
with the scapula; the remaining rays articulate with radials, of which there are
four in a proximal series and usually several smaller ones in a distal series.

It may be noted that in many characoids the young have a peculiar peduncu-
lated pectoral fin which resembles the lobed pectoral fin in the young of Awmia.
In these characoids the pectoral fins are the last of the fins to develop rays, and
the rays are formed in the peduncle: the dorsalmost rays develop first.

The following modifications of the pectoral girdle and fin sometimes occur
in characoids: (1) loss of the extrascapular, (2) loss of the descending limb of
the posttemporal bone. According to Sagemehl (1885), this is correlated with
reduction of the intercalar bone. T reported that the descending limb is lacking
in Lepidarchus adonis (Roberts, 1966, p. 213). 1 have re-examined specimens
of Lepidarchus and reaffirm that the descending limb is missing. The ligament
which usually attaches the descending limb to the intercalar bone is absent, as
apparently is the intercalar bone itself. Regan (1911) stated that the descend-
ing posttemporal limb and intercalar bone are lacking in gymnotoids; (3) reduc-
tion of the number of postcleithra. Three postcleithra are found in many gen-
eralized characoids, including Salminus, Brycon, and Hoplias; some characoids
have two postcleithra; Hepsetus and Ctenolucius have a single postcleithrum;
(4) great expansion of cleithra and coracoids, in Gasteropelecidae, Triportheus,
Agoniates, Clupeacharax, and Cynodontidae; (5) loss or fusion of radials; dis-
tal radials are absent in many species. In Carnegiclla vesca there are only three
proximal radials and in C. myersi the proximal radials have fused into a single
element (Weitzman, 1954, p. 225); (6) in Gasteropelecidae the posttemporal
and supracleithrum apparently are fused into a single bone (Weitzman, 1960,
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p. 217); (7) the lowermost pectoral rays in IHepsetus and Ctenolucius are un-
like those found in the adults of other characoids. In these two genera the ray
halves of the lowermost rays do not fuse but remain separate and fail to articu-
late directly with radial bones; the condition of these rays is evidently related
to the relatively late retention in both genera of the pedunculated condition of
the pectoral fin found in the young of many characoids; (8) reduction of the
coracoid bone in Erythrinidae (noted by Weitzman, 1964, pp. 135, 148, 151).
The pectoral girdle and coracoid bone of half-grown Hoplias (fig. 51) is very
similar to that of a young, 42 mm. Hepsetus odoe (fig. 49). Judging from this
observation, the pectoral girdle of Hoplias may be neotenic. It should be noted
that distal radials have failed to develop in the pectoral girdle of the half-grown
individuals of Hoplias, whereas they are present in half-grown specimens of
Hepsetus; (9) in characoids with specialized pectoral girdles the left and right
coracoid bones are often adpressed to each other medially for their entire lengths,
whereas in characoids with more or less generalized pectoral girdles, including
Hepsetus, Hoplias, Ctenolucius, and Salminus, the coracoids are in contact only
anteriorly.

Most characoids have four proximal radials. The median or uppermost of
the radials is usually trilobate distally, its appearance suggesting that either
three distal radials have fused with an orginally simple median proximal radial
or else that the median proximal radial represents three fused proximal radials.
In Brycon the median proximal radial is trilobate, and each of the lobes articu-
lates with a small distal radial (Weitzman, 1962, p. 41: fig. 20, p. 76).

PELVIC FIN

The pelvic bone and ischiac process are readily distinguishable in the pelvic
girdle of practically all characoids.

The number of pelvic fin rays ranges from five (in Gasteropelecidae) to 11
or 12 (Distichodontidae, Citharinidae, Hemiodus). Most members of the family
Characidae, including Brycon and Salminus, have eight. Ctenolucius has eight
and Hepsctus has nine.

Pelvic splints lateral to the outermost pelvic rays are apparently present in
all characoids (for a discussion of pelvic splints in fishes generally, see Gosline,
1961).

Weitzman (1962, p. 42) reported three radial bones between the pelvic fin
ray halves in Brycon meeki. Three similarly situated ossified radials are pres-
ent in Hoplias and in Salminus (presence or absence not verified in other chara-
coids).

CAUDAL FIN

Hvpurars. All characoids have a caudal skeleton with the basic number of
seven hypurals. Reductions of this number are probably all due to fusion. Seven
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separate hypurals are invariably present in very small specimens. Fusion be-
tween the fifth and sixth hypurals is apparently rather common in characoids,
and the third and fourth are occasionally fused, as in the 94 mm. specimen of
Hepsetus represented in figure 56. Specimens of Hepsetus 19, 22.5, and58.5 mm.
in standard length have seven separate hypurals.

The hypurals remain separate in some very large specimens of characoids.
There are seven hypurals in a 528 mm. specimen of Piaractus nigripinnis, and
there appear to be seven separate hypurals in radiographs of a 290 mm. example
of Hepsctus and a 355 mm. one of Ctenolucius.

UroneURALS. Weitzman (1962, p. 39, fig. 15, p. 71) found two pairs of
uroneurals in Brycon meeki. 1 have detected what appear to be two separate
pairs of uroneurals in radiographs of large specimens of Hepsetus and of Cteno-
lucius. On the other hand, careful dissection of caudal skeletons of Hoplias of
several different sizes revealed only a single pair of uroneurals. Fuster de Plaza
(1930, fig. 18, p. 199) showed two uroneurals in the caudal skeleton of Salminus,
but her uroneural I is actually the urostyle. My dissection reveals two pairs of
uroneurals in Salminus, the distal pair of which is very small, lies ventral to the
very large proximal pair and medial to the proximal portions of the ray halves
of one of the uppermost principal caudal fin rays. In Salminus there is an os-
seous element passing from the distal end of the posterior epural across the dis-
tal ends of the urostyle and proximal uroneural and ending near the ventral sur-
face of the proximal portion of the ray halves of one of the posteriormost
procurrent caudal rays. This element is not a uroneural; it appears, rather, to
be an ossified ligament.

Eprurars. The number of epurals varies in characoids from one to three.
Three occur in Hepsetus, Ctenolucius, Brycon, Hydrocynus, Lepidarchus, and in
Anostomidae (observed in Anostomus, Leporinus, and Schizodon). Two occur in
Salminus, Serrasalmus, Piaractus, Poecilobrycon, and the African family Dis-
tichodontidae (verified in Distichodus fasciolatus, Congocharax olbrechtsii, and
Xenocharax spilurus). A few characoids, including Agoniates (Géry, 1963a)
and Hoplias, have but one epural.

Apparently the caudal skeleton of characoids primitively had three epurals,
and there has been an evolutionary trend for reduction of this number. Tt is
noteworthy that in all characoids with three epurals the bases of several of the
procurrent caudal rays are articulated with the distal ends of the epurals. In
Agoniates and Hoplias, in contrast, the single epural element is very slender and
in Hoplias only one procurrent ray articulates with it (fig. 58) (the relations of
the epural in Agoniaies to the procurrent rays is unknown, but it appears un-
likely that more than one procurrent ray articulates with it).

PROCURRENT CAUDAL RAYS AND ASSOCIATED STRUCTURES. Perhaps the most
generalized condition of the procurrent rays in characoids is that in which they
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are moderately numerous and the numbers in the upper and lower series are
about equal, as in Hepsetus and Salminus (figs. 56, 59). Evolutionary trends
involving the procurrent rays are apparently (1) a general tendency for reduc-
tion in their number, and (2) loss of articulation with the epurals, sometimes
with the development of new structures for articulation or support. In Hepsetus
and Salminus many of the upper procurrent rays articulate directly with the
epurals, and the rest with the distal ends of neural spines.

The 52.5 mm. specimen of Hoplias represented in figure 58 has eight upper
but only four lower procurrent rays. The anteriormost four upper rays articu-
late with a slender bony stay, the next three articulate with neural spines, and
the last one articulates directly with the single slender epural.

In Ctenolucius there are four upper and four lower procurrent rays. The
upper ones have still largely retained their articulation with the epurals. Tm-
mediately anterior to them, however, is a large, vertical plate-like bone. A simi-
lar bone is associated with the lower procurrent rays. These bones (labeled
“bony stay” in fig. 57) are apparently dermal elements, for no cartilage is de-
tectable at their edges, and it seems likely that they originated from fusion of
anterior procurrent rays. An analogous pair of structures, although much
smaller, are associated with the procurrent rays in the caudal skeleton of H ydro-
cynus (fig. 60).

Eigenmann (1915) pointed out that in many of the American characids of
the subfamily Cheirodontinae the lower procurrent caudal rays |= interhaemals
of Eigenmann| are peculiarly modified. In certain instances the lower procur-
rent rays are more numerous than in any of the primitive or generalized chara-
coids. An extreme example is Cheirodon iterruptus, which has 17 to 27 pro-
current rays extending from the caudal fin to the anal fin (Eigenmann, 1915,
pp. 72, 73, fig. 24). It is evident that in some sections of the Cheirodontinae
there has been an evolutionary tendency to increase the number of lower pro-
current caudal rays.

CHARACTERISTICS OF THE PRIMITIVE AFRICAN
FAMILY HEPSETIDAE

Habitus pike-like; body elongate, subcylindrical: jaws elongate, with nu-
merous sharp conical teeth: nine-rayed dorsal and 11-rayed anal fins set far
back on body. dorsal fin entirely posterior to pelvic fins; adipose fin small, its
base above last two or three rays of anal fin: caudal fin deeply forked; scales
cycloid, about 50 to 60 in a longitudinal series; lateral line complete; air bladder
normal, not cellular, posterior chamber longer than anterior chamber but not
prolonged beyond body cavity, both chambers simple; membranous flap projects
from either side of the upper jaws and a larger membranous flap projects from
either side of the lower jaws (similar flaps project from the lower jaws of Cteno-
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lucins but are absent from the upper jaws); olfactory bulbs lie immediately an-
terior to lobes of forebrain, and olfactory nerve passes directly through the an-
terior portion of the orbit on its way to the nasal organ.

Teeth conical through life; lower jaw with an outer row of large, sharp teeth
of variable size, and an inner row of small teeth of uniform size lying internal
to a shallow replacement trench for the outer row; toothed portion of maxillary
extending beyond gape; replacement teeth lie in gum immediately at bases of
functional teeth.

Skull with many primitive or generalized features: cranial roof flattened
and highly sculptured; supraoccipital crest low; insertion of dorsoanterior scale
rows continuous with posterior margin of parietal bones; cranial fontanels com-
pletely closed in adults; occipital region of skull moderately sloping (not as
sloped as in Erythrinidae and Lebiasinidae, but definitely more sloped than in
most characoids) ; lateral margin of cranial roof straight; nasal bone lamellar;
circumorbital series complete, infraorbitals large, lamellar; sphenotic spine
strong, extending well beyond lateral margin of skull roof: dilator groove en-
tirely posterior to sphenotic spine, not extending onto skull roof; sixth infra-
orbital with extensive frontoparietal articulation; posterior portion of antorbital
lying in a shallow depression in the supraorbital bone and excluded from the
rim of the orbit; orbit relatively small; lamellar canal-bearing supraopercular
bone present (lamellar supraopercle also present in Erythrinidae but lacking a
canal) ; separately ossifying portion of canal enclosing preopercular branch of
cephalic lateral line present dorsal to preopercle; extrascapular present; palate
with a tooth-bearing bone lying between the ectopterygoid and maxillary bones,
possibly homologous with the accessory palatine or dermopalatine of Erythrin-
idae and Amia; ectopterygoid toothless: metapterygoid—quadrate foramen pres-
ent; posttemporal fossae with moderately large dorsal oblique and ventrolateral
vertical openings of an apparently generalized nature for characoids; premaxil-
laries immovably articulated to ethmoid bone; ethmoid spine projecting between
premaxillaries; maxillaries movably articulated to cranium and to premaxillaries;
parasphenoid straight: orbitosphenoid sutured to parasphenoid; rhinosphenoid
absent; posterior portion of maxillary almost entirely covered by first and sec-
ond circumorbital bones when the mouth is closed; branchiostegal rays four;
gill openings broad, gill membranes free from each other and free from isthmus.

Pectoral girdle, Weberian apparatus, caudal skeleton, hyoid, and branchial
arches generalized; second centrum with a pair of posteriorly projecting processes
arising from its ventral surface: tripus with distinct body and blade portions
which are not fused together but joined by an apparently cartilaginous tissue;
pectoral girdle with a single postcleithrum: young with lobed or pedunculated
pectoral fins; fifth ribs without medially directed processes; upper and lower
procurrent rays equal in number, moderately numerous, upper rays articulating
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mainly with epurals, of which there are three: vertebrae 44 or 45 (28 + 16,
Boulenger, 1909, p. 177; 30 + 15 in two specimens from Ghana).

This family is represented by a single species, Hepsetus odoe (Bloch), which
is widely distributed in tropical Africa but excluding the Nile basin.

CHARACTERISTICS OF THE AMERICAN FAMILY CTENOLUCIIDAE

Habitus pikelike; body very elongate, subcylindrical; jaws extremely elon-
gate, with numerous small recurved conical teeth; dorsal and anal fins short
based and set further back on the body than in any other characoids excepting
those in the family Cynodontidae; adipose fin small, its base above last two or
three rays of anal fin; caudal fin deeply forked; scales strongly ctenoid or very
weakly ctenoid; lateral line complete: air bladder normal, not cellular, posterior
chamber longer than anterior chamber but not prolonged beyond body cavity,
both chambers simple.

Teeth conical throughout life. The exact form of the teeth is peculiar. In
Boulengerella all of the teeth and in Ctenolucius most of the teeth have recurved
crowns (Roberts, 1967a, fig. 1) unlike the teeth in any other characoids. In
Ctenolucius some of the anteriormost premaxillary and dentary teeth have a
more normal conical form. An internal row of conical teeth in the posterior por-
tion of the lower jaw inside the replacement trench for the external tooth row
may be present (Ctenolucius) or absent (Bowulengerella). Replacement teeth
lie in the gum immediately at the bases of the functional teeth. Ectopterygoid
with numerous fine conical teeth.

Cranial roof flattened, highly sculptured, cranial fontanels closed in adults;
occipital slope moderate, as in Hepsetus:; lateral margin of cranial roof straight;
nasal bone lamellar; circumorbital bones reduced in number to six; antorbital
missing as a separate bone; third and fourth circumorbitals apparently fused
into a single large element; sixth infraorbital with an extensive frontal articula-
tion: fifth infraorbital with extensive pterotic articulation; extrascapular pres-
ent; supraopercle absent: dermopalatine or accessory ectopterygoid absent:
ectopterygoid with numerous small conical teeth: metapterygoid-quadrate fora-
men present; posttemporal fossae with moderately large dorsal oblique and ven-
trolateral vertical openings; premaxillaries extremely elongate, immovably artic-
ulated to ethmoid bone; maxillaries fused to premaxillaries and largely excluded
from the gape of the mouth; maxillaries largely covered by first and second
circumorbital bones; parasphenoid bone straight; orbitosphenoid sutured to
parasphenoid; rhinosphenoid absent: caudal skeleton with three epurals; upper
and lower procurrent rays greatly reduced in number, the anteriormost ones
apparently having fused to form large median bony stays. Pectoral girdle,
Weberian apparatus, hyoid, and branchial arches generalized: pectoral girdle
with a single postcleithrum; young with lobed or pedunculated pectoral fins:
fifth ribs without medially directed processes; gill openings broad, gill mem-
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branes free from each other and free from isthmus; branchiostegal rays four;
vertebrae 42-48.

This family is represented by two genera, Ctenolucius and Boulengerella,
with a number of species widely distributed in the tropics of Central and South
America.

DISCUSSTON
COMMENTS

The primary freshwater fishes of the ostariophysan suborder Characoidei
are among the dominant elements in the rich ichthyofaunas of South America
and Africa. They apparently have been confined to these two continents until
relatively recently in geologic time, and probably were present in the Mesozoic
before the episode of Continental Drift which separated Africa and South Amer-
ica. Subsequently there have been adaptive radiations of characoids on both
continents, and they are probably far more numerous today than when the con-
tinents separated. Their phylogenetic history undoubtedly covers a very long
period of time and the relationships of various groups are obscure. Convergent
evolution is evident at all taxonomic levels, and many characters have a dis-
continuous or mosaic distribution.

Should they become available, well preserved characoid fossils from Meso-
zoic or early Cenozoic deposits would be extremely interesting. IFragmentary
fossils or ones on which detailed osteological studies are impossible will prob-
ably not be very helpful. Inadequate morphological information about the liv-
ing characoids has been as much of a handicap to students of their phylogeny
as the paucity of fossil material. Osteological information is practically the only
kind of information that we are likely to get from fossil characoids, and this
would be relatively useless without a sound knowledge of the osteology of living
forms.

We do not know how many distinctive types of characoids have become
extinct. I suspect that most of the major phyletic lines have extant representa-
tives, and that a reasonably satisfactory picture of phylogenetic trends within
the Characoidei can be worked out from the living forms, which include many
primitive and annectant genera. In Africa, for example, the genus Nenocharax
is morphologically generalized and appears to be basal to the peculiar endemic
families Citharinidae, Ichthyboridae, and Distichodontidae. The citharinid
Citharidium appears to be annectant between Xenocharax and the peculiar
genus Citharinus, while Paraphago is probably annectant between Xenocharax
and some of the most peculiar ichthyborid genera. With a reasonable amount
of morphological study, a fairly complete family tree of these African families
could perhaps be worked out. The only other characoids in Africa are Hepsetus,
discussed below, and members of the Characidae, a family which is also repre-
sented in South America. In South America numerous genera may be annectant
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between groups, and classification of the American characoids is not liable to
be materially improved as long as such genera remain to be morphologically
investigated.

In this study attention has been directed to the osteology of Hepsctus, Cteno-
lucius, Hoplias, Salminus, and Acestrorkyuchus. 1t was felt a priori, as explained
in the Introduction, that these particular genera would provide insights into
broad problems of characoid phylogeny. We shall now consider various topics
stemming more or less directly from the osteological study of these genera.
There is a list of the main conclusions reached in this paper at the end of the
Discussion.

ReraTionsair oF HEPSETIDAE AND CTENOLUCIIDAE

As previously pointed out (Roberts, 1966, . 215), many features of Hepsetus
are not found in the African Characidae, a relatively homogeneous group in
which the majority of species have multicuspid teeth and belong to a few clearly
related genera. The remaining African characoids belong to highly peculiar
families, the relationships of which are uncertain, but they are evidently not
closely related to Hepsetus, which is far more generalized. Of all characoids, the
American genera Ctenolucius and Boulengerella bear the closest resemblance to
Hepsctus. They share with it such general characteristics as elongated jaws and
subeylindrical body, conical dentition, short dorsal and anal fins placed further
posteriorly than in any other characoids, a flattened, highly sculptured cranial
roof without fontanels, a low supraoccipital crest, and large circumorbital bones.
The oral flaps, shallow replacement tooth trenches, and peculiar pectoral fin
rays are also suggestive of relationship.

Yet differences between Hepsctus and Ctenolucius and Boulengerella are
such as fully to warrant placing them in separate families. /epseius has the
following bones which are absent in Ctenolucius and Boulengerella: a large,
tooth-bearing palatal element (absent in other characoids with possible excep-
tion of Erythrinidae): an antorbital; and a canal-bearing, lamellar supraopercle
(as well as a small autogenous preopercular canal bone). Ctenolucius and
Boulengerella, on the other hand, have a pair of large median dermal bones in
the anterior portion of the caudal skeleton which are lacking in Hepsetus. In
Hepsetus the primitive row of conical teeth internal to the mandibular replace-
ment trench is complete, whereas it is restricted to the posterior third of the
dentary in Ctenolucius and is lacking in Boulengerella. Ctenolucius and
Boulengerella have peculiarly modified lateral ethmoids, and apparently the
third and fourth infraorbital bones, separate in Hepsetus, have fused in Cieno-
lucius and Boulengerclla. Ctenolucius and Boulengerella differ markedly from
Hepsetus in the form of the sphenotic spine and of the dilator groove. Hepsetus
has nine-rayed, and Boulengerella and Ctenolucius have eight-rayed pelvic fins.
Finally, in Ctenolucius and Boulengerella the premaxillary is extremely elon-
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gate, and the maxillary, which is immovably fixed to the premaxillary, is almost
completely excluded from the gape. In Hepsetus the jaws are relatively general-
ized.

We may recognize the Hepsetidae and Ctenoluciidae as distinct families
which may be related to each other; they do share some primitive features. Some
of their general characteristics, however, are such as might have resulted from
convergent evolution to a predaceous, pike-like habitus. Hepsetus is evidently
not closely related to any African characoids, and Ctenolucius and Boulengerella
do not appear to be more closely related to any American characoids than to
Hepsetus. They are certainly not close to Acestrorhynchus. In many respects
Hepsetus appears to be a very primitive characoid.

Hepsetus and Ctenolucius, as previously noted (Roberts, 1966, p. 216),
have strikingly similar, fleshy, fimbriated flaps projecting from the sides of their
jaws. Perhaps these structures are indicative of relationships, but it is possible
that they arose independently. A peculiar modification of the oral membrane
associated with the external row of teeth in the lower jaw has arisen indepen-
dently in Brycon labiatus (Steindachner, 1880, pl. 3).

COMPARISON OF BOULENGERELLA AND CTENOLUCIUS

The present study has provided an opportunity to elucidate some of the dif-
ferences between the two closely related genera of the family Ctenoluciidae.
Ctenolucius was originally distinguished from Bowulengerella by Gill (1861) on
the basis of its ctenoid scales. As intimated by Gill (1895a), the ctenii of
Ctenolucius are unlike ctenii found in other groups of characoids. In C. hujeta
of 75 to 150 mm. in standard length, each scale has a dozen or so ridges or
striae on its exposed shield which continue beyond the distal margin of the
shield as ctenii. Ridges on adjacent scales are more or less aligned, providing an
overall effect of numerous unbroken longitudinal ridges on the body. In 300 to
400 mm. specimens, the ctenii, although more numerous, are notably weaker,
and the parallel pattern of the ridges is disrupted. Ctenii are present in Boulen-
gerella, but are always numerous and very small, and the exposed sector of the
scales bears irregular sculpturing rather than regularly arranged striae.

Ctenolucins and Boulengerella are morphologically and osteologically rather
similar; the difference in their scales, in itself, would probably be insufficient
to justify recognizing them as separate genera. There are, however, additional
differences. The skull of Boulengerella, particularly the ethmoid region and the
jaws, is more elongate than in Ctenolucinus. The elongation of the upper jaw in
Boulengerella involves lengthening of the premaxillary and a relative shortening
of the maxillary. The fleshy, fimbriated flaps projecting from either side of the
lower jaw in Ctenolucius are lacking in Boulengerella. Tn Boulengerella the
teeth are all about equal in size and are arranged in single uniserial rows in both
jaws; in Ctenolucius the teeth on the slightly expanded anterior region of the
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premaxillary are enlarged, and in the lower jaw there is a short row of teeth
lying internally to the mandibular replacement trench in addition to the exter-
nal series of teeth. In Ctenolucius the ectopterygoid is provided with small
conical teeth; in Boulengerella the ventral surface of the ectopterygoid is finely
granulated, and anteriorly there are some very tiny conical teeth. The condition
of these teeth in Boulengerella is perhaps related to the absence of the internal
row of teeth inside the mandibular replacement trench, in which instance they
may be considered obsolescent.

RELATIONSHIPS OF SALMINUS

Because of the very similar general appearance of Brycon and Salminus,
one’s first impression is that Bryvcon is Salminus with multicuspid teeth. Indeed,
a general similarity between the two genera is apparent even in their osteology.
I feel, however, that the osteological features common to Brycon and Salminus
are shared because Brycon, despite its specialized dentition, is a fairly general-
ized characid, while Salminus is a primitive and relatively unspecialized chara-
cid. Osteological differences between the two genera are sufficiently numerous
and their nature is such that direct derivation of Bryvcon from Salminus seems
unlikely. In most of the ways that Salminus differs from Brycon it can be con-
strued that Sal/minus is more primitive.

In Salminus all of the teeth are conical; the premaxillary and dentary have
two rows of teeth and the maxillary has a single row. Excepting the anteriormost
two premaxillary teeth in the internal row, which are as large as those in the
external row, the teeth of the internal rows of the premaxillary and dentary are
smaller and more numerous than those in the external rows. The external tooth
row in the dentary is separated from the internal row by a shallow replacement
trench. The replacement teeth for the external premaxillary row lie within the
premaxillary bone, and those for the internal tooth rows of the premaxillary and
dentary and for the maxillary tooth row lie in the gum at the base of each func-
tional tooth (as in most Characidae, including Brycou). In adult Brycon all of
the premaxillary and maxillary teeth and most of the dentary teeth are usually
multicuspid. The maxillary teeth are all tricuspid; in B. mecki and B. oligolepis
the premaxillary teeth are tricuspid except for the medial tooth in the innermost
row, which is bicuspid, and the tooth beside it, which has four cusps. In the
dentary, the large anterior teeth in the external row have either five or three
cusps. Posteriorly the external row has a short series of conical teeth; although
in B. mecki and B. oligolepis this series commences just behind the last multi-
cuspid tooth in the external row, it lies medially to the external row and prob-
ably represents the internal row of conical teeth that formed part of the primi-
tive characoid dentition. In B. falcatus (the type species of Brycon) and B.
schomburgkii, in fact, this row actually begins much further anteriorly, and is
clearly medial to the external row. Immediately internal to the anteriormost
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tooth of the external row, near the symphysis of the jaws, is an enlarged conical
tooth. A pair of enlarged teeth in this position (one toath on each side of the
jaws) is characteristic not only of Brycon, but of the majority of the American
and African Characidae with multicuspid teeth. In Salminus the teeth in the
corresponding position are either small or absent. In the ways in which the
dentition of Salminus differs from that of Brycon, the more primitive condition
is probably represented in Salminus.

Note. Regan (1911, p. 18) stated that most of the teeth in Salminus are
not truly conical, but approximate to the compressed and tricuspid type, espe-
cially in young specimens. Fuster de Plaza (1950, p. 172) stated that Salmin-
inae have “dientes conicos o triangulares.” In adult and half-grown specimens
of Salminus the cutting edge of the tooth is posterolaterally flared basally, giv-
ing the teeth a somewhat triangular form, but the teeth are basically conical, i.e.,
they are not formed by the union of two or more separately formed conical ele-
ments. Conceivably the teeth of Salminus originated from multicuspid teeth,
and it may be possible to demonstrate this in specimens smaller than those I
have examined. This point is crucial to understanding the relationships of Sal-
minus. 1f the apparently conical teeth of Salminus have been derived from
multicuspid teeth (which I think is unlikely), then my ideas concerning the
relationships of Salminus will have to be revised.

The lower jaw is relatively stouter in Brycon than in Salminus, correlated
with its relatively massive dentition. The shape of the maxillary in Brycon, al-
though unusual for characoids as a whole, is similar to that in many American
Characidae including Hemigrammus, Moenkhausia, Astvanax. That is, the dis-
tal tooth-bearing portion of the maxillary is of about the same width for its
entire length and its ventral edge is either straight or slightly convex. In Sal-
minus, as in some other primitive characoids with well-toothed maxillaries, the
tooth-bearing portion of the maxillary curves downwards, and thus its ventral
edge is concave. The relatively light construction of the lower jaw and the shape
of the maxillary in Salininus are probably primitive compared to the stout lower
jaw and peculiarly-shaped maxillary of Brycon.

In Salminus each gill arch has a graded series of gill raker structures, with
simple lamellar rakers at the hyal and cranial ends of the arch and modified
rakers towards the angle of the arch. The appearance of these modified rakers
clearly indicates their derivation from structures similar to the rakers at the ends
of the arches. As in Hoplias, modification of the gill rakers has not proceeded
very far; none of the rakers on the last three arches can be considered highly
modified. In Brycon all of the rakers are relatively highly modified. The rakers
on both the leading and trailing edges of each arch are relatively elongate at
the cranial and hyal ends of the arch as well as towards its middle. In my
opinion the gill rakers of Salminus are relatively primitive for characoids as a
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whole, whereas those of Brycon are moderately specialized. The general trend
for the gill rakers to become relatively prominent and elongate has had a much
stronger effect in Brycon than in Salminus.

The infraorbital bones are considerably more expanded in Salminus than in
Brycon. The orbit is relatively huge in Bryvcon (Weitzman, 1962, fig. 8, p. 64).
The second infraorbital is more elongate in Salminus, evidently in connection
with its role of serving as a sheath for the distal end of the maxillary bone when
the mouth is closed. The sixth infraorbital is larger and its canal-bearing por-
tion has a ventrally-projecting flange onto the dorsoanterior corner of the fifth
infraorbital, which is absent in Brycon. A somewhat similar flange is present in
Ctenolucius.

In general, the crania of Salminus and Brycon bear considerable resemblance
to each other. It may be noted that in Salminus, unlike Brycon, the dilator
groove is not continued onto the dorsal surface of the frontal bone, but con-
tinues on its undersurface far into the orbit, and that the orbitosphenoid and
parasphenoid contact each other and the rhinosphenoid is absent.

In Brycon, as in Acestrorhiynchus and Piaractus, the ribs on the fifth cen-
trum (the first “normal” pair of ribs) bear strong, medially-directed processes
which serve as broad bases for ligamentous attachment of the ossa suspensoria,
the modified ribs of the fourth centrum. Similar processes are apparently also
present in Alestes lenciscus and .. baremose (Monod, 1950, figs. 101, 103) but
have not been found in any characoids outside of the family Characidae. Such
processes are absent in Salminus, and in lacking them Salminus is perhaps more
primitive than most other Characidae.

Brycon has three epurals whereas Salminus has but two. It is generally
thought that the higher number of epurals is more primitive. Reduction from
three to two and even to one has probably occurred independently in diverse
lines of characoids, and sometimes, as in this instance, characoids otherwise
primitive in many other respects have a reduced number of epurals.

CATABASIS

Catabasis acuminatus FEigenmann and Norris (1900) from the Rio Tieté,
Parana basin, in southeast Brazil, represents a monotypic genus supposed by its
authors to be related to Salminus but differing in the disposition of its teeth.
They described its teeth in the following terms:

Nio tem dentes no palato. Queixada inferior com uma serie dupla de dentes; os
da serie interior sao exiguos e os da exterior sdo grandes e conicos, regularmente
diminuindo em tamanho do segundo dente a partir da symphysis para traz. Os
dentes do intermaxillar formam uma serie dupla, os da serie exterior sdo exiguos e
os da serie interior sio curtos e conicos

(Eigenmann and Norris, p. 358).
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The only known specimen of Catabasis, the 165 mm. holotype of C. acumi-
natus, is in the fish collection of the California Academy of Sciences (catalog
number CAS 11894, formerly IUM 9262). I have examined the teeth of this
specimen without finding any evidence that they were derived from multicuspid
teeth, i.e., all of the teeth are conical and none have vestigial cusps. Many of the
teeth are damaged, however, and what appear to be worn cusps on some of them
are due to broken or chipped surfaces. The number of teeth is fewer than in
any species of Salminus. The right premaxillary has seven teeth in the external
tooth row and five teeth in the internal row (the left premaxillary has been
torn away). The right maxillary bears about 24 teeth and the left maxillary
about 19 (tooth rows of both maxillaries slightly damaged). The right dentary
has 11 teeth in the external row and the left dentary has ten; the anterior por-
tions of the internal tooth rows of both dentaries have been lost along with the
gum which has been torn out. The internal tooth row of the left dentary is in-
tact further anteriorly than that of the right dentary; the intact portion of the
internal tooth row of the left dentary commences inside the fourth tooth of the
external tooth row. It is impossible to tell whether the internal tooth row con-
tinued anteriorly to near the symphysis, as it does in Salminus.

The head and body of Catabasis are more compressed than in Salminus, and
the snout is relatively more pointed; hence in general habitus Catabasis resem-
bles Brycon acutus and Acestrorhan phus more than Salminus. In Salminus and
Brycon the posterior portion of the maxillary bone slips partially beneath the
first and second circumorbital bones when the fish’s mouth is closed, whereas in
Catabasis the posterior portion of the maxillary has a dorsally directed flange
which lies external to the circumorbital bones.

Catabasis is unquestionably a distinct genus of Characidae. Whether it is
closely related to Salminus is uncertain; perhaps young specimens of Catabasis
will reveal phylogenetically significant ontogenetic changes in dentition.

REMARKS ON BRYCON Acurus BOHLKE

Brycon acutus Bohlke (1958, pp. 67-69, pl. 4, fig. 1), from the Rio Es-
meraldas basin of western Ecuador, is slenderer and more compressed than
typical Brycon, and its jaws are much more elongate. As noted by Béhlke, the
wide spacing and relatively enlarged central cusps of the anterolateral tricuspid
lower jaw teeth distinguish it from all other species of Brycon. Two large speci-
mens in the Stanford collection (SU 22773, 172 and 190 mm. in standard length)
from “Naranjito, Eucador” (= Rio Naranjal?) are tentatively identified as
adults of this species. They have been compared with the holotype and a para-
type of B. acutus, and agree in all essential respects except that they are rela-
tively even more compressed than typical Bryvcon of comparable size, and their
dental peculiarities are more pronounced. As in the type material of B. acutus
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(63.3 to 89.5 mm. in standard length) the third and fourth mandibular teeth
are the largest, but their tricuspid nature is not readily apparent. Functionally
they are conical teeth; the anterior and posterior cusps are indicated by worn
ridges on the leading and trailing edges of the greatly enlarged central cusp.
The mandibular teeth anterior to these teeth have five cusps and those posterior
to them have three cusps; in all of these teeth the central cusp is enlarged and
the other cusps are reduced in size. The single conical tooth of the internal
mandibular row near the symphysis is reduced. The internal mandibular row is
represented in the posterior portion of the jaw by a series of about a half dozen
very small conical teeth.

SPACING OF THE JAW-TEETH IN CHARACOIDS

The peculiar spacing of the teeth in B. acutus leads me to make the follow-
ing speculations. Elongation or foreshortening of the jaws in the course of
phylogeny may sometimes have a direct effect on the spacing of the jaw-teeth
in fishes. That this phenomenon appears to be particularly pronounced in chara-
coids is perhaps related to their mode of tooth replacement by preformed re-
placement teeth. It occurs most often when the teeth involved are obsolescent
or relatively unimportant functionally, such as the teeth on the maxillary bone
beyond the gape of the mouth, but functionally important teeth may also be
involved.

Many instances of what can be regarded as crowding out of teeth from an
originally straight row or rows of teeth can be cited among characoids. and this
1s probably often due to a secondary shortening of the jaws. This has apparently
happened in Piabucus, in which each premaxillary bears a single small tooth
external to the main uniserial row of teeth for which it is difficult to imagine
any functional significance. Rowntree (1906, p. 240, fig. 1) states that these
two supernumerary teeth appear from their size and position to be quite use-
less, and their form does not show the symmetrical perfection of the functional
teeth, although they are of the same general type.

Wider spacing of the jaw-teeth has apparently resulted from secondary elon-
gation of the jaws. Brycon acutus is one such example; an even more striking
example is provided by the highly specialized genus Catoprion, the teeth of
which are accurately illustrated by Miiller and Troschel (1845, pl. 2, fig. 5).
Catoprion strongly resembles Serrasalimus, to which it is closely related; accord-
ing to Gosline’s suggested phylogeny of the Serrasalmoninae (Gosline, 1951, {ig.
4, p. 25) they are the more or less direct descendants of a common ancestor. In
Serrasalmus the jaw-teeth are very close-set and actually form an interlocking
series (Roberts, 1967a, fig. 4). The morphology of the teeth in the peculiarly
elongated jaws of Catoprion differs in only minor respects but they are spaced
wide apart.



440 CALIFORNIA ACADEMY OF SCIENCES |PrOC. 4TH SER.

RELATIONSHIPS OF ACESTRORHYNCHUS

According to Weitzman (1964, p. 135), the relationships of Acestrorhynchus
and Acestrorham phus probably lie with Charax, Rocboides, and other closely
related genera in the Characidae, not with Boulengerella and Ctenolucius as
supposed by Gregory and Conrad (1938). In partial confirmation of this state-
ment. there is nothing in the osteology of the Ctenoluciidae and of Acestrorhyn-
chus to indicate that they are closely related. Such similarities as exist between
them are superficial and must be credited to convergent evolution. Superficially
at least, Charax and Roeboides resemble Acestrorkynchus. Unfortunately
Acestrorfiynchus cannot be compared osteologically with these genera because
their osteology is as yet unknown.

The relationships of Acestroritynchus, Roeboides, Charax, and other, appar-
ently related, specialized genera with rapacious conical dentition (for a review
of the genera involved see Géry and Vu-Tan-Tué, 1963) to other sections of the
Characidae remains problematical. Up to now there has been no strong evidence
that Acestrorhamphus and Acestrorhynchus are directly related to characids
with multicuspid teeth. Evidence for such a conclusion can now be supplied by
specimens of Acestrorhamphus “hepsetus” from Argentina (SU 31566) which
have multicuspid teeth on the posterior portion of the jaws.

I previously reported (Roberts, 1967) that the teeth are all conical and do
not show any sign of being multicuspid in Acestrorhivachus, even in very small
specimens. Re-examination of some small Acestrorkiyichus reveals no multi-
cuspid teeth (although there is an internal mandibular row of small conical teeth
in the posterior part of the jaw which is lacking in adults). The young Acestro-
rhynchus examined represent a specialized species with very elongate jaws.

Acestrorham phus is apparently closely related to Acestrorkynchus but dif-
fers from it in having a uniserial row of relatively large conical teeth on the
ectopterygoid bone instead of far more numerous and irregularly arranged teeth,
in retaining multicuspid teeth on the posterior portion of the jaws particularly
in the young, and in having a more generalized, Brycon-like habitus which is at
least superficially similar to that of Brycon acutus and Bramocharax. In all of
these respects <l cestrorham phus is probably more primitive than Acestrorhiynchus;
it is apparently still generalized enough that it could have given rise directly to
Acestrorhynchus.

In adult Acestrorhamphus all of the teeth within the gape of the mouth are
conical but the teeth on the posteriormost portion of the maxillary extending
beyond the gape are multicuspid. Although the lateral cusps of these teeth may
be obsolescent, they are definitely present. In half-grown specimens, tricuspid
teeth are present on the posterior portion of the dentary as well as on the maxil-
lary, and the lateral cusps are relatively well developed. -Acestrorhamphus pro-
vides a striking example of the generalization that specialized characoids some-
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times retain primitive teeth on the posteriormost portions of their jaws (Rob-
erts, 1967a).

REMARKS ON AFRICAN CIHARACIDAE

Certain morphological features shared by all or by many of the African
Characidae, which represent a far smaller and more closely related group of
genera than the American Characidae, indicate that they are separable from the
latter at the subfamily level. African characids, as pointed out to me by Pro-
fessor Myers, have a characteristic shape of the upper jaw which is quite un-
like that in American genera. In almost all of them—including Alestes barcnose,
A. grandisquamis, A. imberi, A. liebrechtsii, A. macrolepidotus, Bryconacthiops,
Micralestes occidentalis, and Phenacogrammus interruptus—the premaxillary has
a slender, pedicle-like posterior process extending laterally to the maxillary bone,
with which it is frequently rather firmly united. The maxillary in African chara-
cids is invariably toothless, and usually the posterior portion of the maxillary
near the rictus of the jaws is an expanded lamella with a rounded ventral con-
tour. In American characids the maxillary frequently bears teeth and its ven-
tral margin is usually straight or else concave in varying degrees. The descrip-
tion of the peculiar molariform premaxillary teeth of :lcstes baremose given
earlier, with minor changes, would fit almost all of the larger species of African
Characidae. Similar teeth are not present in American characids.

In American Characidae, as in characoids generally, the olfactory nerve arises
from the orbitosphenoid and passes through the anterior portion of the orbit
into the nasal organ through a foramen in the lateral ethmoid bone. In many
African Characidae, however, this portion of the olfactory nerve is enclosed in
a bony tube formed largely by the orbitosphenoid but often with a contribution
from the lateral ethmoid. Bony tubes of this nature were first described by
Starks (1926, p. 167) in Alestes lichrechtsii and .A. grandisquamis:; they are also
present in AA. baremose, . imberi, A. macrolepidotus, Bryconacthiops, and H y-
drocynus. In these fishes the bony tube is swollen about midway between its
origin and the base of the lateral ethmoid; in alcoholic specimens it can be ob-
served that this swelling is occupied by a thickened portion of the olfactory
nerve. This thickening is presumably the olfactory bulb, which in other chara-
coids usually lies immediately anterior to the lobes of the forebrain. In the
relatively small specimens of . baremose, Micralestes, and Phenacogrammus 1
have examined, although the orbitosphenoid does not form a well developed
tube, it is somewhat modified anteriorly in a manner suggestive of the more
complex development found in larger specimens of Alestiinae. Monod (1950,
figs. 96, 97, p. 42) has figured a specimen of A. barcmose in which the olfactory
nerve has a complete bony enclosure that is apparently derived mainly from the
orbitosphenoid bone, and a specimen of .. lexuciscus in which the olfactory nerve
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lies exposed in the orbit before entering the nasal chamber by passing through
a foramen in the lateral ethmoid.

Two subfamilies of African Characidae are recognizable, the Alestiinae and
the Hydrocyninae. The Alestiinae include all of the genera excepting the tiger-
fishes of the genus Hydrocynus, which constitute the Hydrocyninae. Hvdro-
cvnus very probably had Alestes-like ancestors.

CONCLUSIONS

1. Osteological differences between the various families of characoids recog-
nized by Greenwood and others (1966) are, on the whole, great enough to justify
full familial rank.

2. The family Hepsetidae (represented by a single extant species in Africa)
is phylogenetically isolated and is apparently the most primitive of all living
characoids, even though it has its own peculiar specializations.

3. The family Ctenoluciidae (comprising the American genera Ctenolucius
and Boulengerella) is a distinctive family which may be related to Hepsetidae.
Its members are highly specialized in certain respects (notably jaw structure)
and lack several bones of an apparently primitive nature which are present in
Hepsetus (toothed dermopalatine or accessory ectopterygoid, lamellar canal-
bearing supraopercle and antorbital bones).

4. The Erythrinidae are a small group of closely related fishes which ap-
pear to be primitive in certain respects and highly specialized in others. They
are the only characoids besides Hepsetus known to have either an accessory ecto-
pterygoid or a lamellar supraopercle, yet their many peculiar features (notably
the structure of the pectoral girdle) clearly indicate that they represent a dis-
tinct family. The erythrinids are apparently too specialized to have given rise
to any other group of characoids now in existence.

5. Salminus is a generalized characid and is perhaps the only living member
of its family which has conical teeth of a primitively conical nature.

6. The morphology of Catabasis is insufficiently known to determine whether
it is closely related to Salminus.

7. Acestrorhynchus and the closely allied Acestrorham phus are highly spe-
cialized representatives of the family Characidae and are descended from chara-
cids with multicuspid teeth.

8. The presence of a rhinosphenoid bone in members of the Cynodontidae
may indicate that this extremely peculiar family was derived from Characidae,
the only other family known to possess this bone.

9. The Anostomidae and Chilodontidae are distinguished from all other
families of characoids in having multicuspid pharyngeal teeth. The more or less
identical morphology of these teeth in the Anostomidae and Chilodontidae indi-
cates that the two families are closely related, and perhaps they should be put
together in a single family.
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10. African and American characoids currently assigned to the family
Characidae are similar enough osteologically to justify their retention in a single
family.

11. The African Characidae comprise two endemic subfamilies, Alestiinae
and Hydrocyninae. The single genus (/] ydrocynus) in the latter subfamily was
clearly derived from the Alestiinae.

12. Epibranchial organs have been reported in a number of characoids, and
a bone topologically identical with the supramaxillary bone is present in a spe-
cies of Chilodus. These structures have been found only in characoids belonging
to highly specialized families in which all of the structures involved in feeding
are greatly modified. In all probability they have originated independently and
are analogous rather than homologous with similar structures bearing these
names which are found in other groups of teleosts.

13. The Hepsetidae and Erythrinidae are the only characoids having an ac-
cessory ectopterygoid bone. In erythrinids this bone is very small and barely
discernible at the anterior end of the ectopterygoid, with which it is intimately
connected. The finely dentigerous surfaces of the accessory ectopterygoid and
ectopterygoid proper are virtually contiguous. In Hepsetus, on the other hand,
the accessory ectopterygoid is relatively large and is clearly distinct from the
ectopterygoid. 1t bears large teeth whereas the ectopterygoid itself is toothless.
The accessory ectopterygoid of characoids may be homologous with the dermo-
palatine bone in Amia.

14. In primitive characoids (typified by Hepsctus) the cranium has a flat-
tened or only slightly vaulted roof and its dorsolateral margin is more or less
straight, The dilator groove, or fossa for attachment of the m. dilator operculi,
lies entirely ventral to the cranial roof. The facial bones are all lamellar and
relatively large, and the dorsal edges of the dorsalmost ones (nasal, supra-
orbital, and sixth infraorbital bones) are firmly articulated for their entire
lengths with the dorsolateral margin of the cranium. The supraopercle is a large,
canal-bearing lamellar bone and lies immediately posterior to the enlarged sixth
infraorbital bone.

15. In specialized characoids (typified by Acestrorhynchus) the cranial
roof tends to be highly vaulted and the dilator groove may extend onto its dor-
sal surface. The dorsolateral cranial margin is disrupted and the facial bones
are not so extensively or intimately articulated with it as in primitive characoids.
Correlated with this, facial bones are lost or reduced in size. The supraopercle
has been lost. Other facial bones may be reduced to mere segments of bony
tubing for encasement of the laterosensory canals. Thus the soft tissues of the
head are often relatively exposed in specialized characoids compared to those of
primitive ones.
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parietal
infraorbital N\

frontal
orbitosphenoid

6

\supr‘aoccipltal

N

supraorbital ) L
T T ———pterotic

ethmoid
antorbital

nasal BN

N . infraorbital 5
- MRl

. /opercle

—_
infraorbitals 3-4
N
. N/
\ \
\ \ /

dentary
infraorbital |
maxillary
infraorbital

articular

angular subopercle

RECFREE preopercle interopercle

Ficure 4. Salminus brasiliensis, lateral view of skull. There is a small anomalous bony
structure (unlabeled) lyving superficially to the anterior portion of the antorbital. It pre-
sumably served as investiture for the anteriormost portion of the infraorbital branch of the
cephalic lateral line system. Such structure is usually lacking in Salminus, and one is not
present on the other side of the head in the specimen figured.
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FIGURE 21. Hepsetus odoe, posterior view of cranium.
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Ficure 22. Ctenolucius hujeta, posterior view of cranium.
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Fioure 23, Hoplias species, posterior view of cranium.



Vor. XXX\VT] ROBERTS: OSTEOLOGY OF CHARACOIDS 465

supraoccipital

parietal

epiotic

pterotic

intercalar

foramen magnum .
exoccipital

cavum sinus
imparis

_ basioccipital

FI1cUure 24. Salminus brastliensis, posterior view of cranium.
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FIGURE 25. Acestrorhynchus species, posterior view of cranium.
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Ficure 26. Hepsetus odoe, internal view of jaws and deeper facial bones.
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Ficure 27. Hepsetus odoe, internal view of lower jaw.
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Ficure 29. Hoplias species, internal view of jaws and deeper facial bones (premaxillary
and interopercle detached).
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Ficure 30.  Hoplias species, internal view of lower jaw.
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Ficure 33. Hepsetus odoe, dorsal view of hyobranchial arches. The dorsalmost bran-
chial elements have been pinned out to the side.
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Ficure 34. Ctenolucius hujeta. Dorsal view of hyobranchial arches. The dorsalmost
branchial elements have been pinned out to the side.
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Ficure 36. Salminus brasiliensis, dorsal view of hyobranchial arches. The dorsalmost
branchial elements have been pinned out to the side.
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Ficure 37. Acestrorhynchus species, dorsal view of hyobranchial arches. The dorsalmost
branchial elements have been pinned out to the side.
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Ficure 38. Hepsetus odoe, lateral view of Weberian apparatus.
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Ficure 39. Hepsetus odoe, ventral view of Weberian apparatus.
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Ficure 40. Cienolucius hujeta, lateral view of Weberian apparatus and fifth vertebra.
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FicUre 41. Ctenolucius hujeta, ventral view of Weberian apparatus and fifth vertebra.
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Ficure 42. Hoplias species, lateral view of Weberian apparatus.
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Ficure 44. Salminus brasiliensis, lateral view of Weberian apparatus and fifth vertebra.
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FIGURE 46. Acestrorhynchus species, lateral view of Weberian apparatus and fifth and
sixth vertebrae.
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F1GURE 47. Acestrorhynchus species, ventral view of Weberian apparatus and fifth and
sixth vertebrae.
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Ficure 48. Hepsetus odoe, internal view of right pectoral girdie.
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Ficure 49. Hepsetus odoe, internal view of left pectoral girdle of a 42 mm. specimen.
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Ficure 51. Hoplias species, internal view of left pectoral girdle.
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Ficure 52. Acestrorhynchus species, internal view of left pectoral girdle.
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FIGURE 53. Hepsetus odoe, ventral view of pelvic girdle.
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Ficure 54. Ctenolucius hujeta, ventral view of pelvic girdle.
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Ficure 55. Hoplias species, ventral view of pelvic girdle.
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